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A severe  noise  problem  exists  at  many  air  traffic  control  tower  locations 
in  the  VHF  receivers  during  certain  severe  weather  conditions.  The  problem 
has  theoretically  been  investigated  for  Boston  Logan  Airport  and  has  been  found 
to  be  most  likely  related  to  corona  discharge  from  air  terminals  close  to  the 
receiving  antennas.  The  effect  of  the  charge  that  can  accumulate  on  the  radome 
has  not  yet  been  well  identified.  The  charge  from  raindrops  transferred  to  the 
antennas  seems  unlikely  as  a noise  source.  Elimination  techniques  using  static 
dischargers  at  some  ATCT  locations  have  been  analyzed  and  are  criticized.  A 
detailed  experimental  study  of  the  effect  of  corona  noise  on  voice  communications 
has  been  carried  out  using  receivers  and  antennas  which  are  representative  of 
equi  pfmnt  in  current  use  at  air  traffic  control  centers.  In  this  part  of  the  in- 
vest IgJftion  a controlled  discharge  was  induced  at  a sharp  point  in  order  to 
simulate  the  corona  noise  problems  which  have  been  reported  during  severe 
weather  conditions.  Suggestions  for  possible  corrective  procedures  include 
relocation  of  the  air  terminals  or  placing  corona  balls  over  the  Lips  of  the 
air  terminal.  The  latter  modifications  will  also  enhance  the  lightning 
protection  capabilities. 
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l.o  NOISE  INTERFERENCE  PROBLEM  AREAS 
1.1.  Noise  Problem 

A severe  noise  prol.lem  exists  at  numerous  Air  Traffic  (Control 
Tower  (ATCT)  locations  in  the  Vilb  / 1 1 1 1 1*  receivers  during  certain 
rainstorms,  snowstorms  or  thunderstorms.  The  noise  is  often  con- 
tinuous and  is  characterised  hy  a high  pitched  hissing  or  screaming 
sound.  It  can  last  for  many  tens  of  minutes  and  he  so  intense  that  the 
controllers  are  unahle  to  receive  communications  from  aircraft  for  a 
considerable  period. 


A number  of  airports  are  investigating  the  problem  while  other 
airports  have  carried  out  certain  questionable  solutions  to  the  problem. 
Static  dischargers  have  been  purchased  to  alleviate  the  radio  inter- 
ference, but  these  dischargers  are  considered  to  play  no  part  in  correcting 
the  problem.  The  Midway  Tower  in  Chicago  purchased  ten  such  dischargers 
in  the  Fall  of  1975  and  since  that  time,  the  devices  have  been  installed  at  the 


following  airports: 

Midway 

Bi  sinark 

Atlanta 

Flint 

Pueblo 

l -ouisville 

Y oungstown 

Minot 

Stanford 

Indianapolis 

Colorado  Springs 

T ampa 

Darwin 

Rhinelander 

F airmont 

Denve r - A rapaho 

Parkcsburg 

There  are  undoubtedly  many  more  facilities  in  these  and  other  regions 
with  similar  problems.  The  investigation  performed  provides  recommendations 
to  all  ATCT  locations  which,  whin  carried  out,  would  eliminate  this  potential 
hazard. 

Electrical  breakthrough  on  the  VHF  receivers  has  occurred  at  various 
times  at  Logan  International  Airport,  Boston,  and  to  illustrate  the  problem, 
excerpts  from  an  internal  memorandum  are  reproduced. 


m 
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On  Sunday,  August  I,  at  1500/  , t|,c  lower  reported  rlri  irical 
breakthrough  on  main  1 I 9.  I UX,  wlm  It  is  lm  .itnl  tm  llu  jlst 
flot.r  of  tin  low.  r with  it*  anlriiii.i  ,(U<vr  tin-  cab.  I hey  switched 
to  standby  I I 9,  I •<  X , w hi < h i .s  |*r « .'..•id  I y in  I lie  equipment  room  of 
the  old  towel  hmlilii  g with  its  antenna  on  the  old  towel  building 
roof. 

The  weather  conditions  at  tin;,  time  were  misty  .mil  iivriool,  with 
electrical  storm  cells  in  a line  ..ppr<>\  imately  -I  miles  wide  and  JS 
miles  lung  stretching  north  and  south.  This  line  was  located  10 
miles  west  of  the  airport  moving  in  an  easterly  direction. 

During  the  period  I ^00  if  to  i5<2‘t  /.  , hoth  receivers  were  monitored 
at  the  jack  panel  on  the  6th  floor.  The  ratio  of  short  bursts  of 
electrical  static  breakthrough  on  the  main  I 19.  1 KX  to  the  standby 
1 1 9.  1 RX  was  approximately  3:1. 

The  electrical  storm  cell  reached  the  hi  port  at  I MUZ.  Kleclrical 
breakthrough  be.  ame  more  frequent  and  longer  in  duration  on  the 
m am  1 1 I,  lltX.  i hi  standby  1 I *1 . II.. \ continued  to  have  short 
electrical  breakthrough  similar  to  when  the  storm  was  10  miles 
west  of  the  airport. 

At  1551/.,  th.  main  1 1 I I.  X seemed  to  go  into  oscillations  which 
lasted  nearly  I minute.  I h.  standby  I I h.  IK  X continued  to  have 
short  burst  of  .dec  I i i.  ai  hr.  akthrotigh.  Kain  was  very  heavy  at 
this  time. 

During  1532/to  155  5/.,  the  main  119.  1KX  went  into  osc  1 1 lat  ions 
again  (caused  by  cle.trical  dis.  barge).  Tins  lime  the-  R F gain  was 
decreased  to  eliminate  the  oscillation.  At  this  gain  setting,  5|uV 
from  a signal  generator  (lll’-f.UHD)  was  necessary  to  break  the 
squelch.  The  receiver  was  then  retained  to  2 a V squelch  break. 

The  electrical  storm  had  dissipated  some  ovet  Boston,  and  by 
1540*  it  was  approximately  2 to  -1  mile  s at  sea.  Our  main  1 1 1 K X 
during  the  period  15  5<IX  to  I ‘>90/  returned  to  normal  operation,  with 
electrical  breakthrough  decreasing  in  duration.  The  standby  ID*.  1KX 
also  decreased  in  electrical  breakthrough  during  this  period." 

1 . 2.  l.ogan  Xirpoi  t Layout 

The  new  control  tower  at  Logan  Airport,  shown  in  Figure  1,  is 
approximately  501  feet  high.  The  receiving  antennas  for  aircraft 
communicatiot  s are  on  top  of  the  tow.  r and  spaced  around  a walkway 
which  circumscribes  n radonie.  A lightning  roil  is  placed  on  top  of  the 
radome  and  other  lightning  rods  are  spaced  around  the  walkway  parapet. 


Figure  1.  The  air  traffic  control  tower  at  Huston's  Logan  Airport 


i.yHi 
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The  layout  of  the  antennas  ami  lightning  rods  is  slmwn  m 
I'  ijjurt’  i.  !•  igu  re  s 3a-  ic  show  the  approximate  positions  oi  .soine  ol 
thi-  antennas  relative  li  the  air  t <■  ri n null s and  the  approximate  dislam.es 
to  the  probable  corona  source  at  the  tip  ol  tlu-  lightning  rod.  Antenna 
mount  number  six  shows  a VI  IF’  antenna  only  1M  1/?.  inches  from  a corona 
sourer:,  and  utlier  antennas  are  spaced  not  too  much  further  away  from 
other  lightning  rods.  ] he  nearest  HI  IK  antenna  is  some  35  inches  away. 

The  parapet,  radome  framework  and  air  terminals  appear  to  he  ex- 
cellently grounded  with  all  lines  being  inter- connected  before  the  grounding 
system  is  reached.  It  was,  however,  difficult  to  decide  if  the  coaxial  lines 
from  the  antennas  were  grounded  at  both  ends  or  just  at  one  end. 

1 • i Reduction  of  the  Noise  I'rohlem  hy  Installation  of 
Static  Dischargers 

In  September  of  1 ‘>76  the  Midway  Tower,  Chicago  successfully  re- 
duced their  corona  problem  with  the  installation  of  static  dischargers  on 
the  lightning  rods.  Other  locations  installed  similar  devices  and  the  over- 
all results  were  usually  significant.  Chicago  indicate  about  an  80-y0% 
reduction  in  the  occasions  of  corona  noise,  although  the  devices  gave  i.o 
improvement  at  ]•  airmonl.  Logan  Airport  installed  them  in  mid  August 
which  seemed  to  improve  the  situation,  since  during  some  local  storms 
in  the  following  month  no  noise  problems  existed.  However,  noise  was 
monitored  again  during  snowstorm  anil  In  "h  wind  conditions  during  the 
winte r . 

I hi’  static  disi  ha i ge  rs  used  .it  1 1 1 1 1 s t o t th es e facilities  are  primarily  lor 
aircraft  use  where  they  offer  a controlled  path  to  bleed  off  the'  accumulated 
charge  on  an  a’rcraft.  They  attenuate  tin  resultant  broadband  radio  frequency 
noise  by  approximately  50db,  as  compared  to  a discharge  from  the  tip  of  a 
wing  without  dischargers  install'  d,  because  more  frequent  low  amplitude  dts- 


• I 


n International  Airport  Air  Traffic  Control  Tower, 
Antenna  Layout 


charge  pulsi-s  will  occur  with  the  small  points  ol  du-  discharger s than 
with  larger  points,  in  effect,  they  attempt  t„  l, ring  the  potential  ol  the 
body  on  which  they  star  <1  to  the  potential  of  their  .surroundings  using  the 
principle  of  point-discharge  over  many  thousands  of  special  lour  micron 
diameter  wires  to  reduce  the  noise  coupling  to  the  aircraft.  Such  devices 
no  doubt  work  extremely  well  on  the  aircraft  for  which  they  were  designed 

For  the  purposes  of  reducing  the  noise  at  ATCT  locations,  the  static 
dischargers  were  connected  to  the  lightning  rods,  as  shown  in  Figures 
4 and  5.  utili/.ing  3/4”  x 3/4”  x In”  angle  iron  to  support  them.  These 
figures  show  that  the  static  discharging  wires  point  downward,  which,  uue 
to  the  mounting  configuration  of  tin-  lightning  rods,  is  always  in  a region 
of  reduced  field  over  the  surrounding  area. 

It  will  be  shown  later  that  the  static  discharges  play  no  role  in  the 
reduction  of  the  RF  noise,  but  that  the  associated  installation  hardware 
reduces  the  corona  at  the  tip  of  the  lightning  rod.  In  order  to  understand 
the  source  of  the  noise,  it  is  necessary  to  explain  tin-  physical  process  of 
corona  discharge. 


J 
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2.0  CORONA  DISCHARGK 


I he  initial  process  of  ionization  involves  the  removal  ol  an  electron 
from  a molecule,  which  in  turn  leaves  a positively  charged  ion.  Normally 
this  electron  will  attach  itself  to  a neutral  molecule  forming  a negative  ion 
If  the  electric  field  is  sufficiently  large,  an  electron  will  acquire  a con- 
siderable amount  of  energy  from  the  time  it  was  produced  to  its  first 
collision  with  a molecule.  This  energy  can  be  great  enough  to  ionize  the 
molecule,  thereby  producing  a new  electron  and  ion.  The  process  may 
continue  such  that  from  one  electron  an  avalanche  process  occurs  which 


»s  4 (unction  ul  point  height,  r.ulius  ul  curvature  and  wind  speed,  1 h > 
field  enhancement  or  exposure  lactor  at  the  tip  for  a <0  m tower  is  >lio\ui 
in  Figure  II,  amt  for  structures  of  different  height  •>  in  Figure  I.’. 

C.oronu  discharge  will,  tin  i«  lore,  occur  in  the  air  aliovc  elevated 
stiarp  points.  I to'  breakdown  from  tlirsi  e\t  rcmiiies  occurs  not  ns  a 
continuous  flow  of  > h.ii’i;  ■,  l>ui  .is  i series  til  pulses  with  roughly  10  nsec 
nsetinie  ami  2'><*  nsec  duration,  md  it  Hu  rt  fort'  generates  radio  noise 
over  a hroad  spectrum. 

The  effects  of  wind  on  corona  ait-  illustrated  it.  Figure  n.  In  this 
approach  only  horizontal  winds  are  considered  neglecting  any  updrafts 
as  might  exist  before  ami  during  thunderstorms,  the  last  2 ni  of  a 
pointed  .10  m high  tower  are  plotted  in  a storm  field  of  -10,000  V/m. 
Ionisation  along  the  rod  surface  will  take  place  only  where  the  field  is 
enhanced  to  values  greater  than  the  breakdown  potential  gradient  which 
is  roughly  assumed  at  I million  V/m. 

First,  to  determine  the  outermost  boundary  of  a possible  space 
charge  cloud,  consider  the  simple  picture  where  space  charge  does  not 
effect  the  field.  Two  eases  lor  winds  of  about  10  and  30  knots  are  shown. 
Fnder  effect  of  the  field  the  ions  move  upward  and  out  to  the  sides,  and 
the  wind  adds  an  extra  hon/onta’  component  to  their  movement,  creating 
a sort  of  concentrated  line  charge  as  the  ion  travel  around  the  tower. 

I hi-  ion  speed  right  at  the  tower  is  very  high  and  drops  oft  rudidly  with 
distance. 

The  situation  van  now  b%  , on  sidered  with  space  charge  limiting. 

Once  corona  is  formed  and  starts  moving  out  from  the  tower,  its  charge 
would  reduce  the  field  around  the  tower  to  below  the  breakdown  potet  tial 
gradient,  and  corona  discharge  would  cease.  Within  a fraction  of  a 
second  the  wind  would  blow  the  charge  clear  of  the  tower,  exposing  it 
again  to  high  fields,  and  ions  would  he  formed  again  etc.  This  causes 
the  corona  currents  to  he  given  off  in  bursts,  as  first  observed  by 
Truhel^'in  l'itg,  Chalmers  and  Ftt  e^“  * have  reported  some  interesting 
vases  ol  this  phenomena  at  a negative  point. 


HUGH 


l OH  PRTH  IN  .IS  SEC. INCREMENTS.  MOBILITY  RT  1Y/M-1.SE-1.  NINO-  S.O  M/ S 
RRO,  QF  CURV»  .10  CM.  R.  BO..  B»  .17  M.  BREAKDOWN  E-1000..  E0«  - 1 0. OKV/M 


RROIRL  DlSr.  I M ) 

ION  PRTH  IN  .05  SEC.  I NCREMENTS.  MOBILITT  AT  1 V/M« 1 . SE-H.  MINO=  15.0  M/S 
RRO.Of  CURV«  .10  CM.  fi»  30..  B-  .17  M.  BRERKDOUN  E-1000..  E0=  -10.0KV/M 


RROIRL  OISI.  ( M 1 

Figure  6.  Ion  movement  under  horizontal  winds  showing  maximum 
boundary  of  ion  cloud.  14 


1 he  magnitude  of  tl  e corona  current  increases  with  rising  wine,  speed, 
as  shown  in  Figure  7,  for  0 and  15  knots.  In  the  equation  relating  the 
corona  current  i to  the  wind  speed  v and  the  point  potential  V,  V0  is  the 
starting  potential,  l)/I>)  is  the  ratio  of  the  atmospheric  density  to  the 
standard,  and  k the  ion  mobility. 

i = >•  ,;o  v * l.  785  Co  k(y^  V(V- V0) 

Since  the  point  geometry  such  as  the  radius  of  curvature  does  not  enter 
the  equation  explicitly  but  is  inherent  in  the  coefficients  and  V0  , it  is 
difficult  to  compute  theoretical  values  of  corona  current  for  a particular 
configuration. 

1 he  degree  to  which  the  radio  frequency  noise  generated  by  corona 
discharge  couples  into  electronic  systems  is  determined  by  the  relative 
locations  of  the  noise  source,  and  the  antenna  via  which  the  noise  is 
coupled  into  the  affected  system.  In  addition,  the  coupling  depends  on 
frequency  and  the  size  of  the  antenna. 

It  can  be  shown  that  individual  pulses  associated  with  a corona  dis- 
charge can  he  approximated  by  a decaying  exponential  with  zero  rise  time, 
as  follows: 

.at 

F (t)  Ae 

u.here  A is  the  pulse  amplitude  and  a is  the  pulse  decay  constant.  The 
noise  spectrum  produced  hy  v such  pulses  occurring  each  second  as  a 
function  of  frequency  J>  is  given  by. 


kigure8  shows  the  relative  noise-current  spectral  density  plotted  as 
a function  of  frequency  indicating  a rapid  drop  in  the  spectrum  magnitude 
with  increasing  frequency.  The  effects  will,  therefore,  be  much  lower  at 
UHF  than  VHF. 
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Figure  7.  Corona  current  as  a function  of  the  point  potential 
and  wind  speed,  (adapted  from  Chapman 


Figure  8.  Corona  noise  spectrum  characteristics 
(adapted  from  reference  3) 


3.0 


SHARP  VS.  BLUNT  POINTS 


In  order  to  better  understand  the  atmospheric  conditions  around 
structures  of  various  shapes  and  heights,  a theoretical  investigation 
was  performed  of  the  corona  currents  given  off  from  sharp  and  blunt 
points,  and  of  the  electric  fields  influencing  the  corona.  Very  simplified 
situations  of  static  field  conditions  were  examined, t from  which  con- 
clusions could  be  drawn  about  the  dynamically  changing  situations. 

The  results  of  these  investigations  lead  to  some  surprising  conclusions 
which,  at  the  moment,  arc  causing  several  questions  to  be  asked  in  the 
scientific  community  on  the  types  of  points  that  should  exist  on  lightning 
protective  air  terminals. 

3.  1 Equations 


In  the  theoretical  calculations  the  tower  structures  were  approxi- 
mated by  prolate  spheroids,  which  bear  good  resemblance  to  the  over- 
all shape  and  are  convenient  for  mathematical  treatment.  A uniform 
ambient  electric  field  was  assumed  parallel  to  the  vertical  axis  of  the 
structures,  and  the  structures  were  considered  to  be  at  ground  potential. 
For  these  conditions  Laplace's  electric  field  equations  were  solved  in 
elliptical  or  prolate  spheroidal  coordinates  as  discussed  in  references 
S and  f> , to  give  the  potential  and  potential  gradient. 


The  resulting  equation  for  the  potential  as  a function  of  the  elliptical 
coordinate  5 with  major  and  minor  half  axes  a and  b is. 


CP  = CPo  4 (CPs  - cp0) 


/*  w 

f d E 

+ a*"  ) 3/5(  ? 4 b2 


) J/*(  5 + b-  ) _ 


= CPo  + (CP  5 - CPo) 


r jl5 

J ( 5 + a4)*/s<  § 4 


b*) 
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The  potential  at  the;  surface  CD  s = 0,  because  the  conducting  ellipsoid 
is  grounded,  and  the  potential  at  height  h in  the  unperturbed  parallel  field 
b.  (,  is  CPo  - - E o h . 


CD  - -K0  h ( 1 - -Ll.  ) 

Is. 
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The  vertical  and  horizontal  components  of  the  electric  field  are, 
dtp  „ I 

"dlT  * Eo  ( 1 ' 


E v a 
E*  = 


d CP 
d r 


, . Sei  _i£_  Ah. 

Is  la  d h d § 
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The  equation  of  the  ellipsoid. 


5+ a5  ' ? + bS  ' 


~7Z3  = 1 


is  simplified  for  the  symmetrical  case  of  the  prolate  spheroid,  where  the 

semimajor  4X18  *“  ®*  the  two  Surn»'»unor  axes  b = c,  the  radial  coordinate 

is  the  horizontal  distance  from  the  center  of  the  ellipsoid  r3  = ya  + za , and 
the  height  coordinate  h = x; 


h 3 ra 

+ X+b3’  * 1 and  5 = 1 (h.  r) 


The  partial  derivatives  are  , 


jL£_  = Jh  i § ♦ b3 1 
^h  2 5uSlbJ-r8-h7 


, j_j  . 2 r ( ^ u:  ) 

r 2 5 * a%be-  ra-hV 


ground  level 
Cp  = 0 


Setting  c - a*1  - bs,  the  evaluation  of  the  integrals  yields, 
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Hence  the  equations  for  the  potential  cp,  the  vertical  component  E,  and 
the  horizontal  component  EH  of  the  electric  field  around  a conducted  grounded 
prolate  spheroid  in  a parallel  electric  field  E0  are  as  follows; 
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These  equations  were  programmed  and  a variety  of  conditions  were 
computed  and  plotted. 


3.  2 Theoretical  Results 

figure  9 shows  two  cases  of  equipotential  lines  around  10  m high 
towers  of  different  diameter.  Fair  weather  field  conditions  of  200  V/m 
are  assumed,  however,  the  equipotential  line  distribution  gives  the 
general  picture  for  any  value  of  the  ambient  field,  requiring  only  a change 
*n  scale.  The  left  plot  is  of  a pointed  tower  having  a 3.  3 cm  radius  of 
curvature  and  shows  the  equipotential  lines  just  around  the  tower  are 
greatly  modified  from  the  parallel  field  situation.  It  is  striking  how 
closely  the  lines  follow  the  tower  along  the  vertical  structure  and  how 
they  arc  concentrated  just  around  the  top.  But  just  a short  distance 
away  from  the  tower  the  parallel  field  situation  is  regained.  Around 
the  blunt  structure  with  3.  3 m radius  of  curvature,  the  picture  looks 
quite  different.  The  equipotential  lines  are  not  as  closely  gathered 
around  the  blunt  structure  as  they  are  around  the  pointed  one,  but  the 
field  is  effected  more  at  greater  distances  as  is  apparent  by  the  line 
concentration.  This  implies  that  under  appropriate  high  fields  corona 
ionization  occurs  only  in  the  immediate  vicinity  of  the  sharp  point,  but 
over  a larger  volume  around  the  blunt  point. 

The  field  lines  run  perpendicular  to  the  equipotential  lines  as 
lepresented  in  figure  10.  1 he  collection  area  is  marked  oil,  lor 
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Figure  10.  Electric  field  lines  and  collection  area 


which  the  field  lines  terminate  on  Hu-  tower.  It  a lightning  leader  was 
corning  down,  and  the  phenomena  was  assumed  very  weak,  then  theo- 
retically it  would  follow  one  ol  the  field  lines.  Hut  of  course  the  high 
charge  carried  in  a downcoimng  leader  modifies  the  entire  tiold  line 
pattern. 

The  exposure  factors  help  determine  how  soon  and  out  to  what 
distance  a tower  will  go  into  corona.  Figure  11  shows  two  10  m high 
towers  with  radius  of  curvature  of  j mm  and  10  mi.  Lines  ol  equal 
value  were  drawn  for  the  exposure  factors  m an  ana  around  the  tup  ol 
the  towers,  using  double  logarithmic  scales  to  show  detail  neai  and  far. 
Starting  from  the  tower  top  upward,  conditions  were  examined  mm, 

1 mm,  lem,  10cm,  Ini  above  the  lower;  the  same  was  done  going  down 
from  the  top  and  going  outward  from  the  center.  The  discontinuity  in 
the  center  of  the  graph,  where  the  data  sets  are  merged,  is  insignificant 
The  enhancement  at  the  tip  is  of  the  order  of  10,000  for  the  sharp  point, 
but  only  100  for  the  blunt  point.  I bis  means  that  only  fields  of  the  order 
of  100  V/m  are  required  lor  the  sharp  point  to  tie  in  corona,  which  is  in 
agreement  with  experimental  results  from  a sharp  point  giving  up  to 
4 amp  current  in  fair  weather  Felds.  For  the  blunt  point  however,  con 
ditions  of  10,000  V/m  arc  required  before  corona  is  given  off.  It  should 
be  noted  that  the  enhancement  Uu  tin-  sharp  point  drops  off  rapidly  w th 
distance,  it  is  down  to  a factor  o 10  only  H)  cm  above  the  tip.  The  en- 
hancement of  the  blunt  point  is  larger  at  these  distances  and  drops  down 
to  10  only  at  twice  this  distance,  or  t>0  cm  above  the  top. 

The  sharp  point  goes  into  corona  in  low  fields  and  just  immediately 
around  the  tip,  the  blunt  point  goes  into  corona  only  in  high  fields  but  out 
to  greater  distances  from  the  tower. 

In  Figure  12  the  exposure  iactors  are  plotted  versus  height  for  two 
values  of  radius  of  curvature,  1mm  and  3.  3 cm.  This  data  can  be  useful 
in  correlating  measurements  from  different  heights,  or  tor  determining 
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the  minimum  height  of  a structure  for  corona  breakdown  to  occur,  given 
the  values  for  the  ambient  field  and  the  sharpness  of  the  structure.  The 
thick  line  gives  the  enhancement  relationship  at  the  top  of  the  structure, 
the  solid  lines  are  valid  at  distances  vertically  above  the  structure,  and 
the  dashed  lines  are  valid  at  the  edge  of  the  structure  below  the  top. 

The  exposure  factors  for  the  sharp  point  are  very  large  immediately 
around  the  tip,  but  they  are  exceeded  by  the  exposure  factors  for  the  blunt 
points  at  greater  distances  out  from  the  structures,  say  lm  above.  This 
indicates  that  when  the  blunt  point  goes  into  corona  it  will  do  so  over  a 
much  larger  volume,  but  this  will  only  happen  when  the  fields  are  exception- 
ally high  as  is  the  case  in  close  proximity  to  an  advancing  lightning  leader. 

It  is  highly  likely  therefore,  that  a lightning  rod  with  a blunt  point  will 
attract  lightning  to  it  much  easier  than  a sharp  point  would  do  at  the  same 
location.  Results  such  as  these  were  the  reason  why  a ball  was  placed  on 
top  of  the  lightning  rod  standing  on  the  Saturn  launch  hardware  during  the 
Apollo  launches  from  Cape  Kennedy. 

3.  3 Experimental  Results  of  Blunt  versus  Sharp  Points 


Experimental  results  on  sharp  and  blunt  points  have  been  obtained  by 
Dr.  C.  B.  Moore  of  New  Mexico  Tech,  who  summarizes  the  behavior  of 
the  lightning  rod  in  the  following  paragraphs: ' ^ 

"Benjamin  Franklin  invented  the  lightning  rod  around  the 
year  1749  when  he  discovered  that  a sharpened  metal  rod 
brought  near  a charged  isolated  hall  could  cause  electricity 
to  flow  through  the  air  and  to  discharge  the  ball  without  a 
visible  spark.  This  observation  led  him  to  suggest  that 
elevated,  sharpened  rods  might  possibly  discharge  thunder- 
clouds and  thus  prevent  the  occurrence  of  lightning.  When 
he  tried  out  his  idea,  he  found  instead  that  his  elevated, 
metal  rod  often  became  a preferential  path  to  ground  for 
the  lightning  which  occurred  despite  his  efforts:  his  lightning 
rod  had  a different  mode  of  operation  than  the  one  that  prompted 
his  experiment.  Franklin  thereafter  promoted  the  use  of 
lightning  rods,  but  adhered  to  the  view  that  they  should  be 
sharpened  in  the  hope  that  the  first  process  might  also  occur 
and  thereby  be  beneficial. 


Two  schools  ot  thought  subst-quc  utly  (Icvolopod:  one  favored 
Franklin's  sharpened  rod  for  lightning  protection  and  the  other, 
the  F.nglish  school  led  hy  Menjamin  Wilson  and  George  111,  urged 
the  use  of  hlunt  lightning  rods  on  the  basis  that  sharpened  rods 
might  promote  the  striking  of  lightning  when  otherwise  a dis- 
charge would  not  have  occurred.  Contemporary  American 
practice  is  to  use  sharpened  lightning  rods,  but  appreciable 
evidence  exists  that  objects  within  tin-  nominal  "cone  of  protection" 
of  a sharpend  rod  can  be  struck  by  lightning  and  no  explanation  for 
this  behavior  has  been  suggested. 

We  have  modelled  lightning  roils  both  numerically  and  experi- 
mentally ti*  determine  their  response  to  an  approaching  lightning 
streamer.  Our  results  indicate  that  lightning  can  be  induced  to 
'strike'  any  surface,  but  that  a sharpened  rod  is  much  less  likely 
to  he  'struck'  than  a blunt  om-.  Sharpened  rods  seem  to  protect 
themselves  appreciably  t » v the  copious  emission  of  point  discharge 
ions  so  that  they  are  poorer  candidates  to  launch  an  upward-going 
return  streamer  when  lightning  approaches  than  is  a hlunt  rod  which 
is  passive  until  the  field  becomes  very  strong.  When  the  electric 
field  becomes  sut lie lently  strong  over  a blunt  rod,  dielectric  break- 
down of  the  air  occurs  at  the  blunt  tip  and  a streamer  propagates 
upward  and  often  participates  in  a major  discharge.  For  these 
reasons  it  appears  that  a blunt  rod  may  be  a better  protector  of  a 
structure  than  is  a sharpened  one  which  may  protect  itself  hut  leave 
other  objects  in  its  vicinity  vulnerable. 

Perhaps  more  attention  should  have  been  given  to  the  opinions  of 
George  III f " 

(S) 

An  exampl-  of  experimental  results  by  Standlor  is  given  in 
Figure  13,  where  the  current  and  charge  release  cf  a blunt  and  sharp 
rod  are  presented  that  were  obtained  in  response  to  two  close  lightning 
strokes  monitored  by  the  electric  field.  The  blunt  rod  emitted  Mlu 
coulomb  in  less  than  10  msec  from  the  first  field  pulse  received  from 
the  lightning  fl.sh,  while  the  sharp  rod  released  only  +2.  2u  coulomb. 

During  the  firs'  400  msec  of  this  flash  the  charge  transfer  for  blunt  and 
sharp  rods  arc  t2‘i  anil  -<S.  uilomb  respectively.  The  corona  current 

graphs  also  illcstralc  that  under  the  extremely  high  fields  of  close  lightning 
much  more  current  is  given  off  by  the  blunt  rod  than  by  the  sharp  one. 
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ANALYSIS  OF  THE  LOGAN  AIRPORT  NOISE  PROBLEM 


* 

E 


4.  0 

The  radio  noise  that  occurs  under  high  field  conditions  at  VHK 
frequencies  and  occasionally  on  111  IK  receivers  can  lie  generated  from 
one  of  several  sources: 

1)  Corona  discharge  under  high  ambient  field  conditions  from, 

a)  the  lightning  rod  on  top  of  the  radonie. 

b)  the  lightning  rods  around  the  parapet. 

c)  the  antennas  around  the  parapet. 

2)  Corona  discharge  in  high  fields  due  to  the  radome  charge. 

3)  Streamer  noise  from  the  radome  surface. 

4)  Charge  transfer  to  the  antenna  rods  from  ram. 

In  order  to  attempt  to  determine  the  specific  source  of  noise  and  to 
deduce  the  onset  conditions,  measurements  of  electric  field  and  corona 
current  were  taken  at  Logan  Airport,  theoretical  calculations  were  per- 
formed, and  the  results  of  both  were  correlated  with  their  effect  on  voice 
communications  as  a function  of  distance  between  antenna  and  corona  point, 
and  other  factors  which  influence  the  noise  interference  problem. 

4.  1 Effect  of  the  Static  Dischargers 

It  is  necessary  first  to  analyse  the  corrective  procedures  winch  ha\e 
been  carried  out  at  several  ATC'T  locations  with  a certain  amount  of 
success,  namely  the  use  of  the  1 '-static  dischargers.  The  devices  are 
designed  to  bring  the  potential  of  the  structure  on  which  they  are  fastened 
to  the  potential  of  their  surroundings.  In  this  case,  the  lightning  rod  is  at 
the  potential  of  the  control  tower  and  ground,  and  there  is  absolutely  no  way 
that  one  can  dissipate  the  charge  on  the  grounded  elevated  structure  to  bring 
it  to  the  potential  of  its  surroundings.  Apart  from  this,  it  is  unlikely  that 
corona  will  occur  at  the  lJ-stali.  dischargers  which  are  installed  in  an  urea 
of  reduced  field  underneath  the  grounded  cross-member.  Corona  discharge 
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only  occurs  in  high  field  areas.  No  matter  how  many  F-stalic  dis- 
chargers were  connected  to  the  tower,  the  lightning  rods  would  still 
remain  at  ground  potential,  the  field  above  would  he  unchanged  and 
corona  would  still  form  there. 

The  question  remains,  therefore,  as  to  what  caused  the  improve- 
ment when  the  devices  were  attached  to  the  lightning  rods?  The  answer 
is  quite  simple  and  can  be  explained  again  by  looking  at  Figure  9.  Around 
the  sharp  point  the  equipotential  lines  hug  the  structure.  11  we  now  intro- 
duce a grounded  horizontal  cross-member,  which  subtends  an  angle  of 
almost  90*  at  the  top  of  the  lightning  rod,  then  the  equipotential  lines  must 
pass  around  it  in  a way  similar  to  that  shown  in  Figure  14. 


Figure  14.  Equipotential  Lines  aiouiul  Lightning  Hod  before  and  after 
Installation  of  Static  Fischargers 

I ho  eflect  is  to  lower  the  po'ential  gradient  at  the  tip  by  making  the 
structure  look  electrically  more  like  a rounded  object.  Ties  reduced 
potential  gradient  makes  it  necessary  for  a much  larger  electric  fie'd 
to  be  present  before  corona  breakdown  is  initiated. 

Placing  the  cross-member  lower  would  mean  that  corona  would  iccur 
earlier  as  the  field  at  the  tip  would  increase;  placing  it  higher  delays  the 
onset  of  corona  until  the  electric  field  is  exceptionally  high.  Care  must 
be  taken,  however,  not  to  lift  the  horizontal  member  too  high  to  avoid 
corona  being  formed  on  its  extremities.  The  above  figure  shows  that  no 
corona  will  be  forthcoming  from  the  P- static  dischargers,  owing  to  its 
environment  being  a low  field  condition. 
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4.  2 


Determinations  of  Klectr ic  Field  and  Coruna 


4,  2.  1 Lightning  Rod  on  Top  of  Radornc 

Theoretical  estimates  can  be  made  of  the  fields  under  which  the 
highest  lightning  rod  on  top  of  the  radomc  will  go  into  corona.  Verifi- 
cations with  measurements  could  unfortunately  not  be  obtained  because 
the  top  was  inaccessible  due  to  high  winds  during  the  brief  test  period, 
for  an  air  terminal  with  a radius  of  curvature  of  1mm,  which  is  not 
particularly  sharp,  placed  on  top  of  a very  narrow  grounded  structure 
of  tiic  height  of  the  control  tower  of  about  100  ft,  an  enhancement  of  about 
18,000  above  the  ambient  electric  held  can  be  determined  at  the  tip  of 
the  rod  from  figure  12.  As  a result  of  the  radome  and  the  wide  grounded 
structure  below  it,  howi-v:  r,  the  exposure  factor  at  the  tip  of  the  air 
terminal  on  top  of  the  radome  is  much  lower. 

Calculations  were  pertormed  to  approximate  the  Logan  tower  situation 
A 4 ft  rod  with  1/2  mm  radius  of  curvature  was  considered,  placed  on  top 
of  a rounded  structure  with  a 1 9 ft  diameter  at  the  top  and  1 1 2 ft  at  the 
bottom.  The  exposure  factor  at  the  tip  of  the  rod  was  determined  as 
1,700.  For  Logan  Airport  this  figure  is  representative  for  the  field  en- 
hancement at  the  top,  tint  for  other  similar  control  towers  without  a 
radome  and  with  an  effectively  higher  lightning  rod,  the  field  enhance- 
ment could  be  very  much  higher. 

Under  fair  weather  fields  of  say  200  V/m,  the  field  at  the  tip  of  the 
highest  Logan  Airport  lightning  tori  will  be  over  1,700  x 200  V/m,  or 
above  340,000  V/m  which  is  not  enough  for  corona  breakdown.  Assuming 
a starting  potential  of  10b  V/m  for  corona,  we  need  a field  of  t>00  V/m 
at  ground  level  to  cause  breakdown  at  the  point.  Such  a value  will  occur 
prior  to  thunder  storm  onset,  anc  later  in  the  storm  the  fields  may  reach 
values  in  excess  of  10,000  V/m.  With  these  fields  more  current  will 
flow  aid  the  radio  noise  will  reach  a level  above  the  receiver  noise  level. 

T ie  onset  of  corona  can  be  delayed  by  modifying  the  radius  of 
curvature  of  the  rod.  By  placing  a 10  cm  diameter  corona  ball  over  the 


tip  of  the  air  terminal,  the-  exposure  laetor  on  top  would  be  redueed 
by  a factor  of  about  8 to  around  2l<>,  and  ambient  fields  of  al  least 
4,800  V/m  are  then  required  instead  of  the  low  000  V/m  fields  to 
cause  corona  breakdown.  This  modification,  however,  will  nut 
eliminate  corona.  Removing  the  rod  altogether  will  result  in  an 
enhancement  of  23  over  the  ambient  field  right  on  top  of  the  radome, 
a figure  low  enough  to  suppress  corona  breakdown  even  under  storm 
conditions.  Only  the  fields  of  an  approaching  lightning  leader  would 
then  he  large  enough  to  cause  corona,  however,  the  tower  would  be 
without  lightning  protection. 

4.  2.  2 Lightning  Rods  and  Antennas  around  Parapet 

It  is  difficult  to  theoretically  come  up  with  reasonable  enhance- 
ment figures  for  the  complex  layout  of  lightning  rods  and  antennas 
around  the  parapet,  hence  it  was  necessary  to  take  measurements  to 
determine  these  values.  Two  field  mills  were  run  simultaneously , by  uni- 
at ground  level  and  one  on  the  parapet  around  the  radome.  This  gave 
a calibration  for  the  enhancement  over  the  ambient  field  at  the  second 
field  mill  location.  Then  two  field  mills  were  run  simultaneous,  one  at 
the  calibrated  reference  location  on  the  parapet,  and  with  the  other  one 
measurements  were  taken  at  tin-  locations  and  heights  of  the  lightning 
rods  and  antennas  around  the  radome.  Prom  these  data  the  enhance- 
ments over  the  ambient  field  were  computed  at  the  rod  locations  in  the 
presence  of  the  field  mill  whirl)  resembles  a blunted  object.  With  the 
aid  of  theoretical  calculations,  c >rrection  factors  were  applied  to  these 
numbers  to  determine  the  exposure  factors  at  the  tips  of  the  air  terminals 
and  antennas  unmodified  by  the  presence  of  the  field  mill. 

These  results  are  shown  in  Figure  15.  1 he  exposure  factors  are 

largest  for  high  rods  with  small  radius  of  curvature  well  separated  from 
other  rods  and  field  reducing  structural  features.  The  highest  electric 
fields  are  above  the  sharp  points  of  the  6 ft  air  terminals.  The  fields  are 
significantly  lower  above  the  blunt,  1"  diameter  VI  IF  antennas  which  are 
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nearly  5 ft  high,  and  even  much  lower  above  the  wide  t ft  high  UIIF 
antenna  structures. 

The  greatest  enhancement  of  118  exists  above  one  of  the  lightning 
rodB;  under  atorm  conditions  with  ambient  fields  above  8,  SOI)  V/m  the 
point  will  be  in  corona.  If  corona  balls  of  10  cm  diameter  were  placed 
over  the  points  of  the  air  terminals,  the  exposure  factors  would  be 
reduced  by  a factor  of  8 ami  ambient  fields  of  (>8,000  V/m  would  be 
required  for  corona  onset.  Such  high  fields  are  not  found  under  usual 
storm  conditions,  but  only  in  the  vicinity  of  an  approaching  lightning 
leader. 

The  exposure  factors  above  the  VI If  and  UIIF  antennas  vary  be- 
tween 3 and  31  and  ambient  fields  of  3«i,  000  V/m  and  higher  are  required 
for  corona  onset.  It  can  therefore  be  assumed  that  the  antennas  will 
probably  not  go  into  corona  even  under  storm  conditions.  Corona 
measurements  were  taken  at  several  locations  on  top  of  the  tower  and 
were  related  to  electric  iield  data  in  order  to  understand  the  field  line 
concentration  around  the  tower.  The  diagram  in  Figure  lt>  illustrates 
the  results.  The  edge  of  the  parapet  is  in  a region  of  reduced  field 
produced  by  the  shape  of  the  structure.  The  field  increases  in  a 
radially  outward  direction  and  reaches  a maximum  at  about  4.8  ft  out 
beyond  which  it  decreases  again.  The  largest  corona  currents  were 
measured  as  2.  3 uA  and  associated  with  fields  oi  100,000  V/m  in  flic 
dense  field  line  region.  The  corresponding  ambient  field  had  a high 
positive  value  of  1,  ,100  V/m  probably  caused  by  snow  conditions  north  o t 
the  lioston  region. 

Similar  corona  mcasu  reiiiciil  s were  taken  below  and  above  the 
lightning  roils,  anil  it  was  found  that  the  tip  of  the  rod  is  still  in  a re- 
duced field.  Three  feet  above  its  tip  the  field  is  lour  tunes  as  large  as 
1 ft  above.  To  fulfill  the  purpose  of  lightning  protection,  the  air 
terminals  must  have  a minimum  height  of  t>  ft,  which  is  just  1 ft  above 
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th,!  height  of  the  VHF  antennas.  If  the  lightning  rods,  however,  were  much 
higher,  then  their  points  would  lie  in  a more  concent  rated  field  line  region, 
ami  corona  onset  and  associated  noise  problems  could  he  much  more  frequent 
and  persistent.  However,  a moderately  effective  t rudc-ol'f  might  result  if 
raising  the  tip  of  the  lightning  rod  produced  a sufficient  increase  in  distance 
between  point  anti  antenna.  1 hen  the  more  frequent  outbursts  of  noise  might 
be  found  to  occur  at  acceptably  low  levels.  The  effect  of  distance  on  corona 
noise  levels  is  examined  in  a following  section  of  this  report. 

It  appears  that  the  noise  problems  may  have  been  associated  with 
corona  discharge  from  the  lightning  rods  around  the  parapet,  which  are 
located  in  close  proximity  to  the  receiver  antennas.  Corona  discharge 
from  the  antennas  themselves  does  not  seem  likely.  The  lightning  rods 
have  probably  been  placed  close  to  the  antennas  to  protect  them  from 
direct  strikes.  By  moving  the  lightning  rods  further  away  we  have  the 
result  that  corona  noise  may  be  reduced  but  the  possibility  of  a direct 
strike  to  the  antenna  is  increased.  However,  in  the  existing  positions 
there  is  a very  great  possibility  of  a sideflash  from  the  lightning  rod  to 
the  antenna  over  several  feet  because  of  the  inductance  of  the  receiving 
system.  The  corona  onset  can  be  suppressed  by  placing  10  cm  diameter 
corona  balls  over  the  point  of  the  lightning  rod.  With  such  a modification 
it  appears  that  corona  from  the  rods  around  the  parapet  should  not  be  the 
source  of  a noise  problem  under  high  field  conditions.  Only  when  lightning 
is  about  to  strike  the  tower  or  the  immediate  vicinity  could  corona  caused 
noise  problems  be  experienced. 


4.  3 Effect  of  the  Ktaomc  Chur  no 

Under  icvcre  snow  and  blowing  conditions  a very  large  potential 
difference  may  occur  bt tween  the  dielectric  surface  of  the  radonte  and 
the  surrounding  structures.  If  this  surface  has  an  electric  Held  intensity 
that  is  sufficiently  high  to  cause  voltage  breakdown  across  the  plastic 
surface,  then  a streamer  discharge  may  occur  which  can  generate  serious 
radio  interference.  Near  the  ocean  where  high  charges  exist  due  to  charge 
separation  in  breaking  waves,  such  charges  may  be  transported  in  a high 
wind  and  may  cause  rapid  buildup  on  the  radome.  Driving  snow  will  also 
cause  a charge  buildup.  Hence,  the  possibility  that  the  radome  can  become 
sufficiently  charged  to  cause  streamer  discharges  has  to  be  considered. 

The  charge  accumulated  on  the  radome  may  have  a second  effect.  It 
may  create  high  enough  fields  to  cause  corona  discharge  from  points 
in  its  vicinity  such  as  the  lightning  rods  which  are  about  4 ft  away  or  the 
sharp  edges  of  the  ladder  only  1ft  away. 

To  investigate  the  magnitude  of  the  charge  that  may  reside  on  the 
dielectric  surface,  electric  field  measurements  were  taken  a short  dis- 
tance away  from  some  radome  panels  that  were  charged  by  rubbing  with 
a glove.  The  results  are  shown  in  Figure  17.  The  radome  was  charged 
to  -29,000  V creating  an  electrit  field  of  -24,000  V/m  at  a distance  of 
4 ft  at  the  tips  of  the  lightning  rods  around  tin'  papapet  as  well  as  on  top 
of  the  radome.  Since  an  enhance  ment  of  l 2 above  the  ambient  field  exists 
4 ft  above  the  radome  in  the  abs«  nee  of  the  air  terminal,  the  charged 
radome  would,  at  the  distance  oi  4 ft,  have  an  effect  equivalent  to  a 
change  in  the  ambient  field  of  - 2 000  V/m.  Whatever  the  effect  is,  it 
would  persist  for  extended  periods  of  time,  as  it  was  found  that  the  charge 
remained  on  the  radome  beyond  he  duration  of  the  experiment  and  did 
not  drain  off. 

The  field  of  the  charged  radome  may  reinforce  or  counteract  the 
existing  ambient  field.  It  is  difficult  to  estimate  the  effect  on  corona 
formation  above  the  rods,  as  the  equipotential  lines  there  are  not  normal 
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to  the  rods,  hence  their  effect  is  reduced.  To  understand  tins  problem 
would  require  involved  computations  and  additional  measurements.  At 
the  location  of  the  ladder  about  I ft  away  from  the  radomc  the  fields,  due 
to  the  radomc  charge,  are  even  much  higher  of  the  order  ot  - *15,  000  V/m, 
anti  at  the  ladder  support  and  the  bottom  of  the  highest  lightning  too  the 
field  might  be  so  high  tl  .it  there  exists  continuous  corona  discharge. 
Furthermore,  the  potential  of  llv  radomc  could  reach  values  much  higher 
than  those  we  caused  with  a fur  glove. 

Charge  deposited  on  a dielectric  surface  such  as  the  radomc  is  bound 
there  because  the  surface  is  an  insulator.  As  a result  , under  precipi- 
tation charging  conditions,  it  is  possible  for  a potential  difference  of  tens 
of  kilovolts  or  more  to  exist  between  a dielectric  surface  and  the  neigh- 
boring structural  parts.  As  charge  continues  to  accumulate  on  the  die- 
lectric, the  potential  to  the  structural  parts  rises  until  the  electric  field 
intensity  at  the  dielectric  surface  becomes  sufficiently  high  that  voltage 
breakdown  or  streamer  discharge  occurs  across  the  plastic  surface.  A 
surface  streamer  involves  the  rapid  transfer  of  charge  over  a substantial 
distance,  anti  also  generates  serious  radio  frequency  interference. 

The  degree  to  which  the  radio  frequency  noise  generated  by  corona 
and  streamer  discharges  couples  into  electronic  systems  is  determined 
by  the  relative  locations  of  the  noise  source,  and  the  receiving  antennas 
via  which  the  noise  is  coupled  into  the  affected  system.  In  addition,  the 
coupling  depends  on  frequency  and  the  size  of  the  antennas.  These 
subjet  Is  are  examined  in  Ihe  final  sections  of  this  report. 

4.  4 Charge  Transfer  from  Rain 

The  charge  on  rain  hitting  the  receiver  antennas  will  cause  a current 
to  flow  to  ground  through  the  receiving  circuit  that  might  bo  of  the  same 
order  of  magnitude  as  the  normal  signals  and  hence  produce  noise  inter- 
ference. To  investigate  this  hypothesis,  a maximum  charge  on  a single 
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raindrop  was  assumed  as  -2.  3x10  ' C = - 1.  4x10  electrons  from 
(9) 

Chalmers.  If  100  such  raindrops  fell  on  the  antenna  per  second  trans- 


ferring  their  charges,  a current  of  2.  3 x I0"*UA  would  be  flowing.  This 
would  result  in  a voltage  of  l.  2 x 10'»UV  across  the  receiver  impedance 
of  500  , at  a power  of  2.  6 x 1 0"  * M Watt. 

The  receivers  operate  at  a signal  level  of  2.  5 to  3 UV  with  a normal 
ambient  noise  level  of  luV,  which  is  about  two  orders  of  magnitude  greater 
than  the  noise  attributed  to  the  charge  transferred  from  rain.  It  is  there- 
fore unlikely  to  be  a source  of  the  noise.  If,  however,  the  assumed  figures 
of  number  of  drops  per  second  and  charge  per  raindrop  do  not  represent 
maximum  values,  then  radio  interference  from  charged  rain  might  still  be 
possible.  This  is  more  likely  to  be  the  case  above  the  Logan  tower  where 
the  rain  may  gather  an  enormous  charge  due  to  excessive  corona  in  that 
environment.  The  fact  that  UHF  communications  have  had  no  noise  problems 
with  their  antenna's  in  the  same  vicinity  indicates  that  charged  rain  is  not  a 
problem. 
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e>.  0 EX  PERIMEN'l  A L KXAMiNAl  ION  OF  INTERFERENCE  DUE  TO 
CORONA  DISCHARGE 


1 hv  study  of  the  factors  which  influence  noise  interference  due  to  corona  dis- 
charge has  been  carried  out  with  an  experimental  a r rangement  which  used  equipment 
similar  to  that  found  at  an  air  traffu  control  center.  Two  types  of  VHK  communi- 
cations receivers,  three  antennas,  and  two  corona  discharge  devices  were  employed 
in  this  study  and  effects  of  corona  current  and  distance  were  examined.  As  pre- 
dicted in  previous  sections  of  this  report,  corona  discharge  could  be  suppressed  by 
placing  a metal  sphere  on  top  of  the  corona  point.  The  initial  phase  of  the  study  was 
concerned  with  finding  an  objective  means  to  measure  noise  levels  which  would 
closely  correspond  to  the  subjective  impressions  of  a listener.  It  was  found  that 
the  automatic  volume  control  (A VC)  circuit  of  one  of  the  receivers  produced  a voltage 
whuh  could  serve  as  a measure  of  noise  level  and  imominn  signal  strength  as  well. 
By  recording  this  voltage  level,  it  was  possible  to  make  direct  comparisons  of  noise 
level  and  RP  signal  strength.  The  use  of  a pair  of  receivers  tuned  to  the  same  VHK 
channel  made  it  possible  to  document  cases  in  which  a voice  signal  heard  m one 
receiver  was  totally  masked  by  noise  in  the  other  receiver.  However,  careful  in- 
spection of  the  recorded  traces  is  necessary  to  disl inguish  noise  from  voice*  signals. 
This  is  made  possible  by  the  comparisons  of  the  AVC  and  AC'.C  tr.u  os  from  the  pair 
of  receivers.  The  presence  of  noise  would  increase  the  baseline  o fan  AVC  trace 
while  a voice  signal  would  be  seen  as  a roughly  rectangular  increase  above  the  noise 
level,  if  the  voice  was  not  totally  masked  by  the  noise.  In  addition,  the  event  marker 
of  the  strip  chart  recorder  was  used  to  indicate  those  voice  signals  which  could  he 
clearly  heard  through  a receiver's  loin  speaker  output.  This  marker  is  seen  in  many 
of  the  following  chart  records  as  a straight  line  at  the  bottom  of  the  chart,  which 
drops  down  by  about  I mm  whenever  the  listener  heard  a voice  signal  and  actuated 
the  marker  control. 


Noise  from  positive  and  negative  point  disc  harges  was  studied  since*  both  ot 
these  polarities  can  be  naturally  induced.  However,  the  physical  processes  invoiced 
are  quite  different  fo-  the  two  different  polarities.  '1  he  positive  point  attracts 
negative  electrons  toward  itself  where  the  electric  field  strength  is  highest. 

As  the  electrons  accelerate  toward  the  point,  their  collisions  with  air  molecule  s 
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produce  new  ions  and  secondary  electrons  which  then  add  to  the  avalanche  of 
electrons  accelerating  toward  the  point.  Meanwhile,  the  positive  ions  which 
move  very  slowly  compared  to  electrons  are  being  repelled  by  the  positive  point 
and  are  moving  outward.  This  process  continues  until  this  space  charge 
weakens  the  original  field  and  the  avalanche  stops.  Thus,  the  corona  current 
is  not  steady  but  consists  of  a series  o t pulses.  1 he  negative  point  discharge 
also  consists  of  pulses,  but  the  electrons  and  ions  move  oppositely.  The  positive 
ions  are  slowly  drawn  into  the  region  of  high  field  strength  near  the  point,  while 
the  fast  moving  electrons  are  repelled  and  move  outward.  Consequently,  it  is 
expected  that  the  relation  between  noise  and  corona  current  will  be  different  lor 
the  two  point  polarities.  The  magnitude  of  corona  current  is  also  affected  by  the 
wind  speed  which  removes  the  charge  being  repelled  by  the  point  and  allows 
another  corona  pulse  to  occur. 

5 . • Description  of  Equipment  used  for  Noise  'lest s 

1 wo  types  ot  VH1*  fixed-tuned  receivers  were  used  to  monitor  inter- 
terence  with  voice  communication  clue  to  noise  from  tin-  elec  trical  discharge 
at  a sharp  point.  1 he  RV-I2L3  is  a lube-type*  receiver  which  has  a single 
< rystal  controlled  channel  (124.  I Mil/,)  and  is  equipped  with  automatic  noise 
limiter,  delayed  and  amplified  automatic  volume  control  (AVC)  and  a carrier 
operated  squelch.  The  AN/C1KR-2  3 is  a solid  state*  receiver  which  is  also 
• rystal  controlled  and  is  equipped  with  noise  filte  ring  circuitry  and  an  auto- 
matic gain  control  (AGC).  Three*  ve*rlical  dipole*  antennas  of  various  design 
were;  used,  all  manufactured  by  the  Technical  Appliance  Corporation.  The 
simplest  of  the  three  is  the  D-2216,  a halfwave*  dipole  enclosed  in  a fiberglass 
radome  with  a height  of  54.  50  inches.  The  D-2213  has  a height  of  84.  25  inches 
and  contains  a UHF  section  (not  used)  in  addition  to  its  multiple  collincar  dipole 
array  for  VHF.  The  D-d 212  has  a height  of  152.  25  inches  and  contains  t\s,o 
independently  operating  VHF  dipole  arrays  of  which  only  one  was  used  with 
each  receiver.  The*  position  of  the  point  discharge  apparatus,  relative  to  these* 
ante  nnas  is  shown  :n  Figure*  18,  and  further  details  are  in  Appe  ndix  A. 
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Electrical  discharge  at  i sharp  point  (corona)  was  produced  using  a 
50KV  D.  C.  power  supply  with  u variable  input  voltage  so  that  electrical  break- 
down  or  arcing  could  be  limited.  Either  a long  sharpened  copper  rod  or  a 
steel  needle  was  attached  to  one  terminal  of  the  high-voltage  power  supply  and 
a flat  metal  plate  was  connected  to  the  other  terminal.  The  plate  was  positioned 
a few  inches  from  tin-  tip  of  the  point  with  its  surface  perpendicular  to  the-  long 
axis  of  the  point.  Two  different  geometries  were  employed  to  assemble  the  point 
and  plate  apparatus.  One  of  these, as  shown  in  Figured,  was  quite  compact,  bein: 
built  up  directly  on  the  power  supply  itself.  The  other  was  much  larger  and  was 
supported  by  a metal  tripod  with  the  power  supply  placed  approximately  10  feet 
away  and  is  shown  in  Figure  20.  The  large  unit  was  used  to  study  dimensional  and 
geometric  effects  on  the  coupling  of  corona  noise  to  the  receiver  input  while  tin- 
compact  unit  provided  necessary  portability  for  the  study  of  effects  due  to  varying 
antenna  to  corona  point  distance.  In  order  to  determine  the  corona  current,  a 
100  ohm  resistor  was  p iced  in  series  between  the  point  and  the-  power  supply 
ground.  The  voltage  drop  across  this  resistor  was  then  measured  with  a 
vacuum-tube  voltmeter  which  could  indicate  currents  as  small  as  0.  1/iA. 

The  maximum  corona  current  produc  ed  was  on  the  orde  r of  500, iA.  Higher 
currents  wo rt  not  possible*  (nor  v^oulrl  they  be*  expected  undo r most  con- 
ditions)  due  to  electrical  breakdown  of  the  air  which  leads  to  arcing  between 
t ic  plate  and  corona  point.  When  arcing  did  occur,  sensitive  n easuring 
equipment  was  protected  by  a proprietary  device  which  shunted  the  over 
voltage  to  ground. 

While*  experimental  tests  of  noise  inte rfe rente  were  underway,  a 4-channel 
strip  chart  recorder  was  used  to  monitor  the  audio  output  of  a VHF  receiver, 

A VC  and/or  AGC  voltage  from  one  or  both  receivers,  and  the  VTVM  outout 
which  indicated  corona  current.  The  DC  preamplifiers  of  the  chart  recorder 
had  S H/.  low-pass  filters  which  were  used  to  smooth  the  noise  level  recordings. 

A block  diagram  of  the  experimental  arrangement  is  drawn  in  Figure  2 1. 
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Figure  19. 
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Figure  21.  Block  diagram  of  a typical  data  gathering 
arrangement 


47 


I 


>.  L Method  of  Noise  Mii.isurcni':ni 


Since  the  AVC  and  AGC  voltages  of  the  rt'i fivers  art1  related  to  KK  signal 
strength  it  wan  decided  to  monitor  these  voltages  as  indicators  of  the  intensity 
of  the  radio  noise  produced  by  the  corona  or  point  discharge.  This  provides 
measurements  which  are  directly  related  to  sensitivity  of  each  particular  type 
of  receiver  and  which  could,  in  the  future,  be  readily  examined  by  a technician 
at  any  air  traffic  control  center  for  the  receivers  that  are  in  use.  Because  the 
relation  between  AVC/AGC  voltage  and  IlF  signal  is  not  a simple  one,  cali- 
bration curves  were  determined  for  the  two  types  of  receivers  used  in  this 
study.  The  measurements  were  made  using  the  same  receivers  that  were 
employed  to  monitor  corona  noise  and  are  shown  in  Figure22 and  Figure  d 1.  1 lie 
AVC  curve  for  the  RV-I2B  receiver  shows  a much  greater  voltage  swing  for 
small  increments  in  signal  strength  than  does  the  AGC  curve  of  the  AN/GRR-.M 
receiver,  especially  in  the  region  of  low-  signal  strength  (1  to  10/iV).  Therefore, 
it  is  the  RV-12B  which  was  used  as  tin-  primary  source  of  data  for  the  comparison 
of  corona  noise  levels. 

The  audio  output  of  a receiver  was  recorded  and  simultaneously  monitored 
with  a simple  loudspeaker  so  that  a subjective  impression  of  noise  characteristics 
could  be  gained.  While  a test  was  in  progress,  the  event  marker  on  tin-  strip 
i hart  recorder  was  depressed  to  indicate  which  noise  transmissions  were  in- 
telligible, as  in  Figure  24  at  the  bottom  of  trice  I).  The  audio  output  is 
riot  u good  indicator  of  the  absolute  strength  of  the  corona  noise  since  the  output 
level  is,  of  course,  controller!  by  the  circuitry  of  the  receiver  and  is  supposed  to 
remain  constant  over  a wide  range  of  incoming  signal  strengths.  Nonetheless, 
it  was  felt  important  to  keep  a graphic  record  of  the  audio  since  it  clearly  show  s 
the  presence  of  corona  noise.  In  some  cases  the  A.  C.  audio  voltage  was  fed 
directly  to  the  D.  C.  preamplifier  of  the  chart  recorder  so  that  peak  vol.age. 
i ou Id  be  recorded,  in  other  cases  a simple  full-wave  rectifier  was  inserted 
between  the  audio  output  and  the  input  of  the  strip  chart  preamplifier  in  order  to 
obtain  a record  of  the  loudness  of  the  audio  output. 
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S fc  L refer  to  dimensions  shown  in  Figure  18A. 


in  order  to  study  tin*  masking  «><  vim:..  communications  l>y  corona  noise, 
two  receivers  were  tuned  to  the  same  VI  IF  channel  (l^-L  l Mil/).  The  antennas, 
receivers,  and  corona  noise  apparatus  were  arranged  so  that  one  receiver  would 
he  relatively  free  from  noise  .rile r le rence  while  the  other  was  strongly  affected 
(compare  Figure  <!4,  U and  I),.  The  noise-free  receiver  acted  as  an  indicator  o, 
the  presence  of  a signal  even  when  the  voice  message  could  not  he  heard  while 
listening  to  the  receiver  which  was  strongly  affected  by  the  noise.  In  this  way. 
the  total  loss  of  a transmission  could  be  clearly  documented. 

Ihree  levels  ot  noise  interference  can  be  established  according  to  the 
intelligibility  of  a voice  message.  Bevel  I corona  noise  will  open  the  receiver 
squelch  circuit  but  wall  not  cause  any  difficulty  in  the  reception  of  the  voice- 
transmitted  information.  Often,  level  I noise  is  so  weak  that  it  becomes  in- 
audible during  a voice  transmission  due  to  the  action  of  the  receiver  AGC.  If 
the  voice  transmission  has  an  RK  carrier  of  fair  strength,  then  when  the  AGC 
reduces  the  audio  level  of  the  voice  to  its  appropriate  value,  the  loudness  of  Un- 
corona  noise  will  simultaneously  be  reduced,  becoming  inaudible  or  at  least 
masked  by  the  voice  communication.  This  level  i noise  can  he  bothersome  * me  e 
it  will  open  the  squelch  on  a receiver,  hut  it  poses  no  real  threat  to  the  integrity 
of  communications.  Level  11  corona  noise  is  strong  enough  to  he  heard  as  a back- 
ground component  of  all  communications  and  will  blank  out  the  weakest  signals. 

It  may  require  that  many  messages  he  repeated  in  order  to  clearly  relay  desired 
information.  Level  III  noise  (see  Figure  *911)  is  so  high  that  only  the  strongest 
signals  can  be  clearly  received  while  signals  of  average  strength  are  completely 
masked  and  cannot  lie  heard.  There  are  no  distinct  dividing  lines  between  the 
three  levels  since  the  transition  from  one  to  the  next  is  gradual  and  depends 
somewhat  on  the  subjec  tive  impressions  of  the  listener  as  to  that  level  of  noise 
w'liieh  contributes  serious  interference. 

Corona  noise  was  heard  in  conjunction  with  voice  communications  using  .. 
large  number  ol  receiver  and  antenna  combinitions  with  corona  points  which  had 
positive  and  negative  electrical  polarity.  (It  is  the  positive  point  polarity  which 
will  he  induced  on  the  tip  of  an  air  terminal  by  the  passage  of  a negatively 
charged  cloud.  ) The  horizontal  distance  between  the  corona  point  and  various 
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antennas  ranged  from  7 inches  to  (2  feet.  Figure  24  is  a typical  recording  and 
contains  examples  of  serious  interference  due  to  level  11  noise  and  minimal 
interference  due  to  level  I noise,  both  produced  by  a positive  point  discharge. 
Corona  current  from  0 to  1 00/xA  is  recorded  on  the  top  trace  (A)  while  the  ACC 
level  recorded  in  the  bottom  trace  (L»  gives  a definite  marker  for  all  voice 
communication  on  the  124.  1 MHz  channel  which  is  common  to  both  of  the 
receivers  used  during  this  test.  Notice  that  the  ACC  of  this  receiver  (AN/GKR-23) 
is  not  visibly  affected  by  the  corona  noise  and  that  the  event  marker  immediately 
below  the  AGC  trace  is  not  depressed  for  every  case  in  which  the  AGC  level 
indicates  a voice  signal.  The  audio  output  of  the  other  receiver  (RV-12B)  is  re- 
corded by  trace  C and  was  used  by  the  listener  to  decide  when  to  depress  the  event 
marker.  Any  case  in  which  an  AGC  level  of  3.  5V  to  4V  in  trace  I)  shows  a signal 
without  a corresponding  notch  in  the  event  marker,  is  a case  in  which  the  voice 
transmission  was  masked  by  corona  noise.  The  AVC  level  of  the  RV-12B  receiver 
is  recorded  by  trace  Band  shows  barely  discernable  changes  due  to  the  presence 
of  a signal  while  the  noise  is  in  the  level  II  region.  In  the  level  1 region  the  AVC 
increases  when  voice  signals  stand  out  clearly  above  the  noise  which  is  near  the 
baseline  of  the  trace.  When  examining  Figure  24,  it  is  important  to  note  that  all 
of  the  AGC  increases  shown  in  trace  ()  are  due  to  voice  transmissions. 

Noise  in  the  level  I region  increases  the  AVC  baseline  by  less  than  0.  IV, 
is  heard  in  the  background,  but  does  not  impair  the  clarity  of  a voice  transmission. 
Level  III  noise  corresponds  to  AVC  increases  of  more  than  0.  5V  and  renders  the 
channel  useless  for  reliable  comnmnu  ation.  In  the  intermediate  region  of  level 
II  (0.  IV  to  0.  5 V increase  in  AVC),  the  corona  noise  causes  serious  interference 
which  demands  that  a message  be  repeated  before  it  can  lie  clearly  understood. 
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3 Results  of  Noise  Meg surcim  nt s 


'*•  * Introduction 

Because  of  the;  differences  in  the  physical  process  of  disch.i  rue,  the  positive 
and  negative  point  discharges  will  lie  discussed  separately,  in  each  case  data 
will  be  presented  to  show  the  dependence  of  noise  interference  on  corona  current 
and  distance  between  the  corona  point  and  receiving  antenna.  The  use  of  the  AVC 
voltage  of  the  RV-I2B  receiver  as  a measure  of  noise  level  produces  a chart  record 
which  closely  corresponds  to  the*  subjective  aural  impression  obtained  when  listening 
to  the  audio  output  of  either  the  RV-I2B  or  the  AN/GRR-23  receivers.  This  is  es- 
pecially true  W'hen  the  chart  recorder  preamplifier  is  adjusted  so  that  its  D.  C. 
offse  t cancels  the  quiescent  AVC  voltage  (about  0.  37V)  which  exists  even  when  no 
signal  or  corona  noise  is  present.  This  is  not  unexpected  since  the  AVC  voltage  is 
related  to  the  logarithm  of  signal  strength  (see  Figure  22). in  much  the  same  way 
that  the  human  ear  responds  logarithmically  to  different  intensities  of  sound.  1 tic 
ACC  voltage  of  the  AN/GRR-23  receiver  is  useful  for  a different  purpose,  since  it 
jumps  suddenly  from  3.  2V  to  6.  SV  as  its  threshold  is  reached  and  then  increase's 
by  only  another  volt  or  so  over  a very  broad  range  of  signal  strengths.  This 
behavior  allowed  it  to  func  tion  nic  ely  as  a monitor  for  the  presence  of  signals 
which  can  be  observed  as  clear  rec  tangular  steps  in  the  chart  recorder  trace,  even 
when  the  same  signals  cannot  be  seen  in  the  trace  of  the  AVC  from  the  RV-12B. 

If  a signal  did  not  produce  a visible,  rectangular  step  in  the  AGC  trace,  it  could  not 
be  heard  above  the  corona  noise  when  listening  to  the  output  of  the  AN/GRR-23. 

On  the  other  hand,  many  signals  which  caused  a clear  increase;  in  the  recorded 
trace  o f the  RV-12B  AVC  voltage  could  not  be  heard  in  the  audio  output  of  that 
receiver.  Generally,  a signal  which  did  not  at  least  double  the  implitude  of  the 
recorded  trace  of  RV-12B  AVC  voltage  would  not  be  even  marginally  usc;ful  for 
voice  communication  through  that  receiver. 

in  order  to  record  noise  even  at  the;  lowest  levels,  both  receivers  were 
operated  with  the  squelch  controls  turned  off.  The  bias  controls  of  the  chart 
recorder  preamplifiers  were  adjusted  so  that  quiescent  state  AVC  and  AGC  voltages, 
ambient  noise,  and  internal  receiver  noise;  do  not  appeal-  as  part  of  the  recordings. 
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S.  ' . 2 Corona  Noise  Due  to  A Positive  Point 

The  maximum  eoronu  current  observed  fur  .1  positive  point  discharge  \v,i> 
v lose  to  1 OOjiA.  V\  lien  tins  upper  limit  w is  reached,  .1  ii  inj;  between  the  point 
unrl  plate  would  begin,  l y p 1 1 .illy  at  an  applied  voltage  of  U)kV  with  an  lir  nap 
of  one  inch  between  the  point  and  plate.  Darner  naps  between  the  point  and  plate 
would  allow  higher  applied  voltages,  but  arcing  would  still  take  plaee  .it  about 
the  same  maximum  eurrent.  As  expeeted,  the  noise  level  heard  in  the  receivers 
would  increase  as  the  corona  current  increased. 

To  show  the  relation  between  noise  and  corona  current,  strip  chart  records 
were  inalyzed  on  a point- by- point  basis,  measuring  an  AVC  voltage  and  the 
corresponding  corona  current  and  plotting  the  results  a s in  Figure  2b,  This  graph 
does  not  include  a constant  D.  C . offset  ot  0.  172V  which  is  the  quiescent  value  ot 
the  AVC  voltage.  The  same  receiver-antenna  combination  (KV-12H,  D-22li>)  was 
analyzed  for  three  different  distance's  from  the  corona  point.  The  noise  versus 
current  relation  is  the  same  not  only  tor  these*  three  distances,  but  lor  all  tested 
distances  and  receiver-  intenna  combinations,  although  the  actual  AVC  voltage's 
may  vary  greatly  from  one  combination  to  another.  C’orona  currents  below  40;,  A 
would  barely  perturb  the  quiescent  AVC'  level  indicating  that  no  appreciable  noise 
is  being  generated  as  far  as  a typical  communications  receiver  is  concerned. 
Listening  to  the  audio  outputs  of  the  rn  rivers  cmdirnis  this  siiu  c it  was  bard  to 
distinguish  corona  noise  from  imbient  background  noise*  until  corona  currents 
began  to  exceed  A. 

As  can  be  seen  in  Figure  2t»,  the  cited  ot  distance  between  receiving  antenna 
and  corona  point  is  important  in  determining  the  resultant  noise  level  at  tlu* 
receiver.  Here  again,  the  AVC  voltage*  is  taken  as  the  measure  ot  noise  level  and 
indicates  that  serious  noise  interlerence  is  to  be  expected  whenever  a positive* 
point  discharge  occurs  within  24  inches  ol  a receiving  antenna.  1 In*  curves  shown 
in  this  figure  were  derived  from  recn”  led  l it.  on  a "worst  ease"  basis,  i.e.,  the 
maximum  noise- induced  AVC  voltage  \us  used  to  represent  the  noise  level  at 
each  distance.  Some  data  was  obtained  it  distances  greater  than  SO  inches,  but 


it  was  difficult  to  obtain  reliable  mea  aircments  at  these  distances  since  the-  noise 
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1 »•  \ »•  i vus  no  low.  lints,  il  is  M'i'ii  (li.it  some  noise*  reduction  can  be*  ,n  IiicuhI 
iiy  plat  inn  mi-tviny  iiiti-nnis  as  lar  as  possible  trom  air  terminals  and  other 
sharply  poinletl  objects  whtut  would  be  expected  to  give  rise  to  t tirona  disc  barge 
when  subjet  t to  intense  electric  fields. 

Lisin"  very  simple  statistics,  the  effect  of  corona  noise  on  the  reliability 
■il  \ HI*  eornmunit  at  ions  tan  be  shown  in  another  \cay.  Samples  ol  chart  data 
we  re  irbilrarily  selected  from  recordings  made  while  the  corona  current  was 
he  It  I c on  s ta  nt . In  each  sample  the  person  list  c unit;  to  the  i nice  transmissions 
anti  noise  has  indicated,  by  depressing  the  event  marker,  which  ol  the*  trans- 
missions came  through  the  noise  c Icarly  enough  to  lie  uselul.  Sim  c'  a second 
leceivtr  was  tuned  to  the  same  channel,  but  free  I nun  serious  interference, 
it  was  also  possible  to  count  the  total  number  of  transmissions  during  a sample 
Pc  riot!.  Hy  t ounting  the  number  ol  clear,  or  at  least  readable,  transmissicins 
anti  comparing  this  number  to  the'  total  number  ol  transmissions,  the  percentage 
ot  lost  messages  can  be  easily  calculated.  I he*  result  ol  analyzing  sc*veral  mu  li 
samples  with  varying  distances  between  corona  point  and  receiving  antenna  is 
shown  in  figure  17.  When  the  corona  point  is  within  10  inches  of  the  antenna, 
the  c hunnrl  becomes  useless  since  the-  message  loss  rate  approaches  I00"ii,  while 
at  distances  of  greater  than  Si)  im  lies  the  loss  “ate  is  essentially  z.crc.,  e\cn  tlmcici 
some  corona  noise  might  still  be  faintly  heard  in  the  kickgrouiul.  Some  qualili- 
< a tin  ns  need  to  be  added  to  these  results.  The  statistical  population  of  signal 
strengths  at  the  site  of  the  experiment  is  different  than  that  in  the  neighborhood 
'•I  an  air  traffic  control  center.  At  the  experiment  site,  signals  of  average 
strength  arc*  received  from  nearby  control  centers  while  the  strongest  signals  conn 
from  those  airc  raft  which  fly  neare  st  the  site.  The  listener  has  only  one  task  and 
can  . one  entrate  on  trying  to  hear  even  the  worst  signals  on  a single  channel  while* 
a Irafhc  controller  would  ordinarily  carry  a more  complex  load  of  tasks  and  could 
miss  many  of  the  messages  which  have  margin  1 intelligibility  in  a background  ol 
severe  corona  noise.  Hence,  these  lost  - message  statistics  should  not  be*  assumed 
to  apply  quantitatively  at  different  locations  unless  it  is  first  c*s ta bl i shed  that  the 
statistical  populations  of  weak  and  strong  signals  are  tin*  same  at  each  location. 


Tin'  qualitative  result  , however,  mii  nns  uin  hanged  .mil  is  quite  t,miplc:  li 
corona  discharge  « aiinot  »*«•  eliminated,  some  relict  Iron*  the  problem  ol  muse 
interference  can  be  obtained  by  judicious  placi'imnl  of  antenna s uni,  ri'hpmi  (,. 
nb|«*«  is  which  will  induce  corona  discharges. 

It  is  obvious  that  it  should  be  more  effective  to  eliminate  corona  discharge 
than  to  attempt  to  reduce  the  noise  effects  which  must  lie  present  whenever  the 
discharge  occurs.  A well  known  result  of  the  theory  of  electrostatic  fields  has 
been  discussed  previously  (Sec.  )),  i,  e.  , the  electric  field  will  he  von- 
centrated  in  the  neighborhood  ol  any  sharp,  electrically  conducting  oh|cct.  '1  his 
is  the  reason  that  electrical  discharge  (corona)  will  be  initialed  at  the  sharpest 
point  or  irrcgulurity  on  a conducting  surface.  Consequently , if  a conducting 
sphere  were  placed  so  as  to  cover  the  point  ol  the  corona  apparatus,  the  discharge 
would  be  suppressed.  Confi i mation  of  this  is  seen  in  the  pair  ol  chart  records 
shown  in  Figure  One  rei  ording  was  made  immediately  after  the  other  will)  no 

change  except  to  cover  the  corona  point  with  a brass  sphere  of  one  inch  diameter. 

I he  air  gap  space  between  the  plate  and  sphere  was  the  same  as  it  was  between 
the  plate  anti  point  ( I . t»  in.  ) tnd  the  distance  from  the  corona  apparatus  to  the 
antenna  (D-<i<J13)  was  It*  inches.  While  the  point  was  exposed,  corona  discharge 
took  place  at  iru  reusing  currents  until  arcing  occurred  at  <HsA  with  an  ipplicd 
voltage  of  tiSkV.  When  the  sphere  was  used  to  cover  the  point,  ,ir,  mg  did  not 
occur,  even  at  potentials  of  hOkV  and  no  corona  current  greater  then  in  A could 
have  existed  as  is  indicated  by  the  r.cro-line  trie*'  in  the'  corona  current  section 
ol  the  chart  record.  Voice  transmissions  occurred  during  both  tests  and  are 
cl"arly  indicated  by  th*‘  tall,  off-scale  excursions  in  the*  AVC  trace. 
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6.3.3  Corona  Noise  Due  to  a Negative  Point 

Klcctrical  discharge  f rom  a point  of  n. •native  polarity  will  not  ordinarily 
l>«-  found  during  periods  of  thunderstorm  activity  hut  may  he  induced  hy  snow- 
storms or,  possibly,  hy  positive  charge  accumulated  by  a nearby  r.tdome 
structure.  When  discharge  from  a negative  point  does  occur  the  V 1 IF  noise 
generated  may  be  more  intense  than  the  noise  generated  by  a positive  point 
dis.  barge.  The  maximum  noise  levels  produced  during  this  study  were  generated 
by  negative  point  discharges  and  considerable  noise  was  generated  hy  low  current: 
Highest  noise  levels  were  in  the  neighborhood  of  SOpA,  as  shown  by  Figure  2lh 
1 hi'  A VC  level  of  the  RV-1211  receiver  and  the  D-2213  antenna  was  plotted  hy 
analy/.ing  chart  records  on  a point- by -point  basis  as  was  done  for  the  positive 
point  data  shown  earlier.  1 lie  three  curves,  each  representing  a different  distaiu 
between  antenna  and  corona  point,  all  conform  to  the  same  pattern  and  are  typieal 
of  the  negative  point  noise  data  in  general.  This  figure  does  not,  however,  show 
two  features  of  the  noise  and  current  relation  which  were  discovered  for  negative 
point  discharges,  a high  current  cut-off  and  a noise  peak  at  the  corona  discharge 
threshold. 

At  high  corona  currents,  the  radio  noise  detected  by  the  receiver  would 
suddenly  dot  rouse  as  the  corona  current  continuously  increased.  Using  an 
osi  i llosc ope  to  observe  the  rapid  pulses  of  current  which  are  typical  of  any  point 
discharge  in  the  atmosphere,  it  was  found  that  the  frequency  of  the  pulses  would 
increase  as  the  voltage  applied  to  the  corona  apparatus  was  increased,  'lhts 
accounts  for  the  increase  in  average  current  measured  hy  the  VTVM,  even  though 
the  amplitude  of  the  pulses  was  decreasing.  At  a pulse1  rate  of  about  2 v lo"  per 
second  the  front  of  one  pulse  begins  to  step  on  the  tail  of  the  previous  pulse  and 
the  pulsations  cease,  being  replaced  by  more  continuous  flow  of  charge.  At 
the  same  instant  the  AVC  voltage'  would  drop  to  Us  quiescent  level  and  noise  would 
<<ase  to  be  heard  in  the  receiver.  It  is  quite  clear,  therefore,  that  it  is  the 
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Figure  29.  Noise  level  vs.  corona  current  for  a negative 
point  at  three  distances 
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Corona  noise  from  a negative  point  and  voice 
blank-out  due  to  noise  (6-23-78) 


: I 


r 


: •!  "i 


audio  out 
RV-12B 


L 1 0 


t t I ( t + - * 1 — « — f -+—  -|  | 


I 


m 


0.1V 


AVC  voltage 
RV-12B,  D-2213 
M=22  in. 


1 trio 


• 1 1 t 1 1 1 1 1 1 1 1 1 1 t t 


! I I 


corona  current 


15  uA 


negative  point 


30  uA 


* t 1 1 t t -1  1 1 1 • » - t ft  \ t 


H ! 

1 I 


L I 


0.05V 


AF  preamplifier 

AN/GRR-23 

D-2216 

S-24  in. 


Figure  31.  Correlation  of  threshold  peaks  with  AVC  voltage, 
chart  speed  = 5 nun/s  (5-31-78) 


pulsating  character  of  the  discharge  which  is  responsible  tor  the  production  of 
noisi-  in  l ho  V I IK  part  ol  tho  electromagnetic  spectrum.  Ilu-  corona  pulses  var\ 
d it  le  rent  ly  a l c urrents  of  I 00  to  IbOp  A and  noise  duos  not  begin  to  bo  emitted  attain 
until  currents  exceed  200|i  A.  Tliis  seeondary  emission  of  noise  is  associated 
with  the  comment  ornent  of  "fresh"  discharge  points  which  can  be  seen  in  addition 
tu  the  primary  discharge  at  the  tip  of  the'  needle  when  the  corona  apparatus  is 
placed  in  a darkened  room.  I he  secondary  emission  points  are  most  likely  due 
to  surface  irregularities  along  the*  side  of  the  needle  whose  point  serves  as  tlu* 
primary  location  of  corona  discharge.  I in*  high  current  noise*  cut-oil  phenomena 
is  seen  in  figure  "in  which  is  a typical  chart  record  ot  negative  point  noise*.  1 he 
bottom  trace  is  a record  ol  the  A(iC<  voltage  which  serves  as  the  noise*  free*  monitor 
lor  any  voice  transmissions  on  l<14.  1 Mil/..  Tlu*  event  marker  immediately  beneath 
the  ACiC  trace*  was  depressed  whenever  a useful  voice*  transmission  could  lie*  heard 
while  listening  to  the*  audio  output  of  the  H V - I i 1J  receiver  and  1 >- 22  ! «>  antenna.  1 he 
full  - wave  rectified  audio  output  and  AVC  voltage  ol  the  K V _ 1 2 1 i are  recorded  in  the 
two  middle  traces  while  corona  current  is  recorded  in  tin*  top  trace.  For  negative 
point  data,  corona  current  increases  as  live*  pe*n  trace  goes  toward  the*  bottom  ot 
lh.*  ehart  and  tlu*  VTVM  scale  is  e hanged  during  the  trace  so  that  fair  accuracy  can 
be  maintained  throughout  the  broad  range*  ol  currents.  In  tins  particular  v ase,  noise 
eut-ofl  occurred  when  tlu*  corona  current  reached  I <0<iA. 

Also  seen  in  the  AVC'  trace  ol  Figure  *d  is  the*  occurrence*  of  a very  strong  peak 
in  corona  noise*  whi*  h incurred  while  tho  corona  current  was  being  ad  lusted  from 
zero  to  I 0 |i  A . I his  noise,  which  mi  urs  in  the  threshold  of  corona  discharge,  is  an 
erratic  hut  frequently  occurring  phenomena  that  can  give  rise  to  noise  levv'ls  that  are 
greater  than  those  associated  with  nun  h higher  corona  currents.  Moreover,  the 
th -os hold  noise  sounds  much  different  than  the  noise*  produced  by  the*  higher  currents, 
having  a whistling  or  howling  character  instead  of  the  hissing  sound  which  ac- 
companies corona  noise  produced  by  higher  currents.  Tlu*  threshold  peak  is  very 
sii  irply  defined  as  a function  ol  corona  c urrent  and  usually  roaches  its  maximum 
when  the  current  is  near  4|iA.  If  tlu*  c ii'unu  current  is  not  increased  very  slowly 
the  threshold  peak  can  be  easily  missed.  In  Figure  3 1 the  c hart  recorder  was 
operated  at  a spued  of  S mm/sec  rather  than  the  usual  0.  c*  mm/sec  to  obtain 
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better  time  revolution  of  the  correlation  between  the  AVC  and  peak  audio  voltages 
in  the  threshold  noise  region.  Tin*  phenomenon  was  not  confined  to  any  one 
combination  of  receiver,  antenna,  and  corona  point  apparatus  and  therefore  seems 
to  be  a consequence  of  low  current  discharges  rather  than  an  artifice  of  the  initial 
action  of  a receiver's  AVC  circuitry.  Corona  discharge  pulses  have  greater 
amplitudes  at  low  current  levels  and  this  may  he  related  to  the  exceptionally  high 
noise  level  which  is  produced  occasionally  between  O-lOpA.  Wind  speed  and  other 
local  changing  conditions  could  be  the  reason  why  the  phenomena  is  not  always  present. 

As  was  seen  before  with  positive  point  data,  the  intensity  of  noise  from  a 
negative  point  varies  inversely  with  the  distance  between  the  corona  point  and  re- 
ceiving antenna  (D-221b)  as  shown  in  Figure  32.  This  graph  was  prepared  by  tinding 
the  maximum  AVC  voltage  for  currents  between  20  and  IOOjiA  for  each  of  several 
distances  between  corona  point  and  antenna.  The  AVC  voltage  for  the  threshold  noise 
peak  was  ignored  because  of  its  erratic  character,  hut  threshold  noise  also  vanes 
with  distance  in  much  the  same  manner.  As  with  the  noise  from  positive  point  dis 
charges,  the  noise  level  is  very  low  when  the  distance  between  point  and  antenna  is 
greater  than  50  inches.  Likewise,  placing  a 1 inch  diameter  sphere  on  top  of  the 
corona  point  inhibits  the  discharge  process  so  that  no  noise  is  produced  as  seen  in 
higurc  33.  In  this  record,  the  two  top  trail's  are  from  the  RV-12B  receiver  and 
show  its  audio  output  and  AVC  voltage.  The  bottom  trace  is  a record  of  the  audio 
preamplifier  output  from  the  AN/GRR-2'3  receiver  which  was  operated  with  the 
squelch  circuit  turned  on.  The  corona  point  was  at  a distance  of  12  inches  from 
the  0-2213  antenna  which  was  feeding  the  RV-12B  and  35  inches  from  the  0-22  1 1> 
antenna  which  was  connected  to  the  AN/GRR-23. 

Since  the  noise  produced  by  negative  point  discharges  was  generally  stronger 
and  more  stable  than  that  from  positive  points,  it  was  used  to  study  the  variations 
in  noise  level  which  could  be  produced  by  most  of  the  mans  possible  comb. nations 
of  receiver,  antenna,  and  corona  point  position.  Figures  <4  through  38  show  some 
of  the  many  ways  in  which  the  corona  noise  level  at  the  receiver  is  influenced  by 
the  relative  positions  of  the  corona  point  anil  antennas.  In  all  of  these  recordings 
the  horizontal  distances  between  antennas  and  corona  points  were  kept  as  nearly 
constant  as  possible  while  the  vertical  position  of  the  point  was  changed  relative  to 
the  antenna.  This  was  accomplished  by  moving  both  the  corona  point  and  the  antenna 
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up  and  flown.  The  flistant cs  rclrrred  lo  ar«-  shown  in  Figure  18  and,  in  addition, 
th«?  straight  lino  distance  between  tin-  lops  of  antennas  D-2216  and  D-2213  aro 
L’lvcn  as  fl^anfl  fj^,  respectively.  these  distances  ran  be  compared  directly  to 
those  shown  in  Figures  3a,  3 n,  and  3c  . In  the-  f irst  throe  of  this  series  of  re- 
cordings, Figures  34,  35,  a nd  36,  the  corona  point  is  moved  up  and  antenna 
0-2216  is  moved  down  so  that  the  vertical  position  of  the  point  goes  from  the 
middle  of  the  antenna  to  a position  about  14  inches  above  the  top  of  the  antenna. 
Since  the  maximum  sensitivity  of  a dipole  antenna  lies  in  a plane  perpendicular 
lo  the  dipole  and  passing  through  the  middle  of  the*  dipole,  the  noise  received  by 
the  antenna  is  seen  to  dec  rease  as  the  point  is  moved  from  the  middle  position 
to  the  top  position.  Hence,  the  maximum  noise  induced  AVC  level  in  the  RV-12B 
receiver  is  decreased  from  1.  OV  in  Figure-  34  to  0.  7V  in  Figure  36.  Without 
changing  the  corona  point  and  antenna  locations,  the  antenna  connections  to  the 
receivers  were  interchanged  <-.o  that  the  performance  of  different  combinations 
of  receiver  and  antenna  could  be  evaluated  by  comparing  the  records  shown  in 
Figures  37  and  38  to  those  of  the  three  previous  figures.  In  all  of  the  combinations 
of  receiver,  antenna,  and  point  location  which  were  surveyed  during  this  study, 
no  cases  were  observed  which  were-  contrary  to  the  pattern  shown  here.  The 
greatest  variation  that  could  be  ac  hieved  has  been  seen  in  many  of  the  previous 
figures  where  the  AN/GRR-23  receiver  was  used  with  the  D-2212  antenna  to  pro- 
duce the  relatively  noise-free  combinations  which  served  as  a monitor  for  the 
presence  of  signals  which  could  not  1m;  detected  in  another  receiver  due  to  corona 
noise.  The  reason  for  the  small  amount  of  noise  input  to  the  D-2212  antenna  is 
the  placement  of  the  corona  point  in  a null  region  of  the  vertical  gain  pattern  of 
this  antenna.  Moving  the  corona  point  toward  the  region  of  maximum  response  was 
found  to  increase  the  noise  received  by  the  D-2212  antenna,  just  as  it  was  for  the 
other  antennas.  None:  of  the  data  presented  in  this  report  should  be  construed  as  an 
evaluation  of  antenna  performance  or  an  endorsement  of  any  particular  antenna 
design. 


Notice  also  in  Figures  34  through  38,  that  the  levels  of  corona  noise  are  not 
po  r feet]  y reproducible.  This  is  characteristic  of  the  erratic  nature  of  the  discharge 
process  itself  which  gives  data  that  arc  "notoriously  nonrepeatable"  (3).  The 
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threshold  peaks  are  mission  in  the  AVh  tr.iee  ol  Figure  34,  hut  give  rise 
to  the  highest  AVC  levels  rec  ordecl  in  Figure  t H.  Tlu-  presence  of  the 
threshold  peaks  in  many  of  lie  audio  output  traces  is. an  indication  of  the 
presence  of  this  low-current  phenomena,  but  cannot  be  taken  as  a measure 
of  its  strength  in  competition  with  incoming  voice  signals.  Rather,  the 
audio  peaks  indicate  the  failure  of  the  AVC  circuit  to  function  optimally  when 
the  noise  level  is  low.  In  other  recordings,  however,  the  threshold  noise 
peak  can  give  rise  to  the  maximum  perturbation  in  AVC  level  as  was  seen 
in  Figure  30. 

Noise  interference  from  a negative  point  discharge  was  studied  as  a 
function  of  corona  current  by  keeping  the  current  adjusted  to  a constant  value 
for  minutes  at  a time  and  listening  to  the  combined  noise  and  voice  message 
in  the  audio  output  of  the;  RV-  1 2 B receiver  while  the;  AN/GRR-23  acted  to 
indicate  the  presence  of  voice  which  could  not  be  audibly  detected.  Currents 
from  8 to  lOfiA  produced  level  1 noise  which  could  be  heard  as  a background 
to  an  otherwise  clear  message  and  produced  an  increase  in  AVC  level  of  only 
0.05V,  as  seen  at  the  left  side  of  Figure  39.  In  the  middle  of  this  figure, 
currents  range  from  10  to  25/iA  and  produce  level  11  noise  which  caused  great 
diffic  ulty  in  understanding  tin:  content  of  any  message  even  though  the  presenc  e 
of  a voice  was  heard  in  every  case  but  one.  At  the  right,  currents  are  between 
42  and  45pA  and  produce  level  111  noise;  which  blanked  out  comnunii  ations 
almost  completely  and  even  elevated  the  AC.iC  baseline  of  the  usually  noise 
free  AN/GRR-23  and  D-2212  receiver-antenna  combination.  The  event  marker 
was  depressed  whenever  voice  was  heard,  even  if  a message  could  not  be 
clearly  understood.  In  one  rise,  which  is  marked  by  an  asterisk  (*)  in  the 
level  III  period,  the  listener  became:  c infused  while  trying  to  indicate:  even  the 
most  marginal  pre  sence  of  a voice.  While  straining  to  hear  any'.hing  at  all, 
the  voice  marker  was  kept  di.wn  for  a few  seconds  alter  the  signal  itself  had 
ceased.  In  the  middle  of  the  transmit  :o.»  ‘he  marker  was  released  as  the 
noise  momentarily  covered  the  voie « • pl-'tely.  At  the  extreme-  light,  an 

exceptionally  strong  signal  broke  thro  tgh  the  noise  quite  clearly. 

The  highest  noise-  leve  l produced  during  the  course  of  this  study  (except 
fo-  threshold  peaks)  pushed  the  AVC  level  of  the-  11V- 1213  up  to  l.e;3V  at  which 


time  the  i nruna  current  was 


Anli'im.i  I > - «'  »f  i « • was  placed  1 1>  inches  from 
the  corona  point  which  was  negative.  Act  iinlmn  to  the  calibration  tor  the  KV-IJH 
(Figure1  22),  an  R F input  of  10/jV,  30%  modulated  with  1000  II/.,  would  he-  needed 
to  produce  an  AVC  level  tin-  same  as  that  Iroin  the  corona  noise.  The  highest  noise 
level  for  a threshold  peak  occurred  at  a corona  current  ol  5/j  A with  the  corona  point 
10  inches  from  antenna  D-22IJ,  Here,  the  AVC  level  went  to  1.75V.  corrrspmidm^ 
to  an  KF  signal  of  18.  5pV,  Other  except ionally  high  noise  levels  were  found  to 
correspond  to  corona  currents  ol  14,  37  and  t>5|i  A.  lienee,  the  iiin\itnum  noise 
level  is  not  adequately  predicted  simply  by  measuring  the'  corona  current  and  may 
he  more  dependent  on  factors  related  to  the  pulsating  c haracter  of  tile  disc  harge. 

A Fourier  analysis  of  the-  frequency  components  in  different  pulse'  shapes  might 
he  revealing  since  it  is  suspected  that  pulse's  in  the  threshold  region  have  shorter 
rise-  time's  and  longer  deeny  times  than  those  in  the  high  curre'nt  region.  The'  time 
between  successive’  pulses  is  on  the  order  ol  a microsecond,  decreasing  and 
becoming  mure  regular  as  the'  ave'rage  current  irn  reuses.  Thus,  if  the'  attae  k and 
decay  time  constants  of  a particular  receiver  are'  on  the-  order  of  100  milliseconds, 
something  on  the  ordc-r  of  100,000  pulses  of  corona  noise'  could  he'  receive'd  while 
the  ACC  ei  rcuit  of  the  receiver  is  turning  itself  on.  It  is  conceivable  that  bursts 
of  several  thousand  noise  pulses  slip  through  the  noise-  limiting  circuits  of  a recc-ivc-r 
and  that  in  the  threshold  region  of  corona  discharge-,  the  bursts  are  separate'd  h\ 
sutfu  ient  time  for  the  AGC  to  turn  Use'll  off  during  quiet  periods.  If  this  is  the 
case,  the  noise  limiting  ability  of  the  c ircuit  would  be  effectively  destroyed.  On 
the  other  hand,  the  threshold  noise  peaks  could  be  e'xplaincel  by  supposing  that  the- 
noise  pulses  produce'd  in  this  domain  are  particularly  rich  in  the'  high  frequency 
part  of  the  spectrum  to  whic  h the  ree  eive>r  is  sensitive'.  Further  study  will  be' 
necessary  to  answer  these  questions.  It  is  c[uite'  clear,  however,  that  there-  is  no 
need  to  look  for  the  maximum  corona  curre-nts  when  trying  to  find  serious  noise 
interference  due  to  a negative  point  discharge.  The  greatest  noise  levels  found  in 
this  study  were  produced  by  currents  under  I 00fj  A which  is  much  U'ss  than  the 
SOO/i  A maximum  which  was  frequently  obtained.  It  is  in  this  respe  c t that  the'  noise 
from  a negative  point  discharge  is  most  dilfercnt  from  that  due  to  a positive  point 
which  was  only  seen  to  increase;  as  the'  corona  current  increased. 
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Figure  32.  Noise  level  vs.  distance  for  a negative 
point  discharge 


30 


71 


£igure  3^»  Dependence  of  noise  on  position  of  point 
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Figure  37.  Antennas  interchanged,  compare  to  Fig.  35 
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‘j.  i.  4 Ollier  Hlfrcts 


I hi'  erratii  n.ilure  of  tin-  noise  due  lo  i orouu  discharge  is  due  to  the 
multitude  of  factors  which  can  influence  either  the  discharge  itself  or  tin* 
transmission  of  the  noise  from  corona  point  to  receiving  antenna.  Since  it 
is  difficult,  it  not  impossible,  to  control  all  of  these  factors  simultaneously, 
the  results  of  any  experiment  are  hard  to  reproduce  with  high  accuracy.  This 
study  was  extended  so  that  some  of  these  factors  such  as  the  polarization  of 
corona  noise  radiation  and  the  effect  of  the  dimensions  of  a corona  point  ap- 
paratus on  the  emission  of  noise  could  he  examined,  at  least  briefly.  The 
fact  that  wind  plays  an  important  role  in  the  corona  process  is  well  known, 
but  no  attempt  was  made  to  construct  wind  tunnel  experiments  to  monitor 
corona  current  changes  with  wind  speed  which  will  affect  the  radio  noise. 

However,  simple  measurements  of  wind  speed  were  made  in  the  vicinity  of  the 
corona  point.  During  most  of  the  noise  measurements  winds  ranged  from 
0 to  S miles  per  hour,  but  in  the  experiment  where  the  highest  level  of  threshold 
noise  was  recorded,  winds  were  gusling  up  to  15  mph.  Exceptionally  strong 
winds  did  not  occur  during  any  of  the  measurement  periods. 

The  polarization  of  the  corona  discharge  radiation  was  examined  by 
detaching  the  smallest  dipole  antenna  from  its  mount  and  rotating  the  antenna 
from  Us  mount  and  rotating  the  antenna  in  a vertical  plane  about  an  axis  which 
was  perpendicular  to  the  longest  dimension  of  the  antenna  and  passed  through 
its  center.  As  seen  in  Figure  40,  the  noise  level  dropped  nearly  to  zero  i\hen 
the  antenna  was  horizontal,  indicating  that  the  noise  radiation  is  strongly  polarized 
in  the  vertical  direction.  This  is  not  too  surprising  since  the  electric  field  of 
the  corona  point  apparatus  has  a primarily  vertical  orientation.  However,  it  is 
hard  to  see  how  this  effect  could  be  employed  for  noise  reduction  purposes  since 
it  is  expected  that  mounting  antennas  horizontally  would  decrease  their  ability  to 
receive  voice  communications  as  much  as  it  would  decrease  noise.  This  experiment 
was  performed  with  the  corona  point  shown  in  Figure  19  which  has  a very  short 
electrical  length  thus,  leading  to  a sn  ail  effect  on  the  polarization. 

Ihe  efficiency  with  which  corona  noise  ia  transmitted  from  point  to  antenna 
can  be  influenced  by  the  effective  electrical  length  of  a lightning  rod,  the  presence 


0 


T~-Sv 


-t— 


corona  current 


50  uA 


i i 


nj  n)  oi 

o +> 

J 

•H  C m 

H 

I 

•POP 

U to 

| 

0>  *H  0) 

1 

> ^ 

Jil  Z j| 

> 

! 

t i 


100  uA 


1.0V 


RV-12Q  receiver 

D-2216  antenna.  S = 20  in 

AVC 


. 0.25V 


RV-12B 

audio  output 


0.05V 


AN/GRR-23  receiver 
D-2213  antenna,  M = 9 in 
AF  preamplifier 
(squelch  on) 


1 1 0 


Figure  40.  Polarization  of  radio  noise  from  a 
corona  discharge 


8 


of  nearby  electrical  conductors,  and  the  arrangement  of  wires  which  serve  to 
ground  the  corona  point  strut  lure.  These  effects  were  discovered  using  the 
large  corona  point  apparatus.  The  possibility  of  such  effects  was  first  con- 
sidered when  it  was  noticed  that  the  section  of  lightning  rod  whu  h serves  as  the 
corona  point  in  the  large  apparatus  measured  approximately  a quarter  wavelength 
long.  The  rod  has  a length  of  26.5  inches  mcl  the  radiation  for  which  the  receivers 
were  tuned  has  a frequency  of  124.  I Mil/,  giving 

^ - c/f  -2.42m  = 97.2  in.  , A/2  • 47.6  in.,  and  A/4  = 2 3.8  in. 

Hence,  it  was  quite  simple  to  use'  the  common  practice'  of  placing  a ground  plane 
reflector  at  the  base'  of  a quarter- wave  antenna  to  convert  it  to  an  efficient  half- 
wave  dipole.  1 wo  piece's  of  steel  channel  were-  placed  on  the  corona  point  tripod 
at  the  base  oi  the  rod,  being  arranged  at  right  angles  to  each  other  and  lying  in 
a plane  perpendicular  to  the  rod  so  that  the'y  would  serve  as  a ground  plane-  re- 
flector  for  noise'  radiation  emitted  by  the  eorona  discharge.  This  arrangement 
might  be  thought  of  as  simulating  the-  structural  ste*el  of  a building  on  which  a 
lightning  rod  has  been  mounted  and  it  produced  a noticeable  increase  in  the  level 
of  noise;  received  by  the1  RV-12B.  This  is  shown  in  Figure'  4 1 which  has,  for 
comparison,  a noise  and  current  recording  which  was  made  without  the  reflector 
and  with  the  ground  lead  attached  to  the  middle  ot  the*  rod  in  order  to  furthe'r 
shorten  its  effective  radiating  length.  rl  o further  study  these  effects,  a series  of 
tests  were  carried  out  in  which  precautions  were  taken  to  insure  that  the  position 
of  every  electrical  element  in  the  t orona  point  apparatus  was  carefully  controlled, 
including  the  instrument  leads.  IClectrical  current  pulses  which  are  due  to  the 
pulsating  nature  of  the  corona  discharge  are  carried  to  ground  through  the  length 
of  the  rod,  a 100  ohm  dropping  resistor  which  allows  a VTVM  to  measure  corona 
current,  and  then  back  to  the  high  voltage  power  supply  which  is  also  grounded  to 
the  metal  corona  point  tripod  that  stands  uninsulated  on  the  earth.  This  simulates 
the  grounding  circuit  of  a lightning  rod  installation  (although  for  good  protection 
the  inductance  to  ground  should  be  as  low  as  possible).  The  more  interesting 
results  from  the  series  of  tests  are  presented  in  Figure  42.  A comparison  of 
sections  A and  B ot  this  figure  shows  again  the  effect  of  removing  the  ground  plane 
reflector,  all  other  elements  remaining  the  same.  The  dramatic  difference  between 
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Ground  plane  reflector  in  place 


sections  C and  L>  was  quite  surprising  since  t lit*  only  difference  between  these 
two  was  the  removal  of  an  excess  length  of  grounding  wire  (18  in)  while  all 
else  remained  unchanged  and  the  reflector  was  in  place.  The  unexpected  in- 
crease in  noise  which  was  accompanied  by  the  removal  of  the  piece  ol  wire 
(which  did  not  change  the  electrical  path  to  ground)  suggests  that  noise  inter- 
ference may  be  influent.  ed  by  the  layout  ol  paths  alonj;  which  the  lightninp  rods 
are  earthed  at  an  air  traffic  control  tower. 
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6.  0 


CONCLUSIONS 


o.  1 General 

The  VHP  noise  problem  has  been  investigated  in  detail  theoretically  and 
experimentally,  both  on  site  and  in  the  laboratory.  There  is  little  doubt  that  the 
noise  emanates  from  corona  discharge  in  the  near  vicinity  of  the  VHF  antennas. 

1 he  prime  originators  of  the  corona  discharge  are  the  nearby  lightning  rods,  but 
some  small  effect  probably  comes  from  the  radome  during  very  dry  icy  con- 
ditions. The  fat  t that  corona  discharge  is  a broadband  radiator  of  RF  noise 
indicates  that  as  long  as  the  discharge  is  there  a receiver  will  monitor  it  if  the 
signal  strength  is  high  enough.  1 he  corona  source  must,  therefore,  be  removed 
or  the  antennas  moved  far  enough  away  from  the  noise  to  make  the  effect  minimal. 

The  theoretical  approach  indicated  that  a 4 inch  sphere  on  top  of  the  Logan 
Tower  lightning  rods  would  eliminate  them  from  going  into  corona  on  all  but  direct 
strike  occasions.  This  was  carried  out  successfully  on  the  tower,  since  which 
time  the  problem  has  gone  away,  except  on  one  occasion  where  slight  noise  was 
recorded  possibly  due  to  corona  or  streamers  on  the  radome  structure  or  its 
support  ladder.  The  addition  of  the  sphere  to  the  tip  of  the  lightning  rod  is  shown 
to  retain  the  lightning  protection  capabilities. 

The  experimental  results  supported  this  theory  and  showed  several  other  in- 
teresting facts  which  are  discussed  below. 

Most  of  the  tests  were  performed  on  the  RV-12B  receiver  because  o!  the 
units  ability  to  monitor  smaller  increments  of  signal  strength  at  the  AVC  output. 

Lven  though  the  AN/GRR-23  receiver  had  a more  sophisticated  noise  suppression 
system,  the  final  noise  received  from  corona  was  found  to  be'  the1  same'  in  both 
systems  and  would  lead  to  the*  same  amount  of  trouble'  lor  a controller  communicating 
with  an  aircraft  (see  Figure  3 1). 

Antenna  length  and  type*  would  n.  *.  el’l,  t fie  corona  noise  to  signal  ratio,  as  it 
is  a genuine  broaelband  transmitter  t1  .it  is  icing  received  by  an  antenna  in  its 
designed  frequency  band.  The  antenra  should  not,  however,  have  a pointed  top  as 


this  would  enhance  corona  generation.  As  expected,  the  distance  of  antenna  to 
corona  source  is  related  to  the  noise  intensity. 


The  corona  discharge  under  a thundercloud  is  generally  from  a positive  point, 
whereas  that  under  blowing  snow  and  ice  conditions  is  from  a negative  point.  1 In- 
experiments showed  that  significant  noise  was  generated  below  I 00  n A which  had 
surprising  characteristics.  For  a negative  point,  it  was  not  uncommon  to  get 
severe  noise  for  very  low  corona  currents  between  l and  10  M A.  As  the  current 
increased  this  whistling  or  howling  noise  suddenly  dissapears  and  is  gradually 
replaced  by  the  more  characteristic  hissing  sound  at  higher  currents,  which  again 
suddenly  stopped  somewhere  above  1 0 0 1 1 A.  For  a positive  point,  the  noise  level 
tended  to  increase  directly  with  inc  reasing  corona  current  as  one  may  normally 
expect. 

Experiments  with  the  radomo  material  indicated  that  in  dry  weather  an  ex- 
tremely large  charge  may  reside  on  its  surface  for  long  periods,  especially  during 
blowing  snow  conditions  because:  ice  and  snow  is  very  highly  charged.  A highly 
charged  radome  will  lead  to  high  electric  fields  in  the  immediate  vicinity  hence, 
corona  may  form  and  streamers  may  constantly  pass  over  the  radome  surface. 

Further  tests  showed  that  a corona  generator  with  an  electrical  length  re- 
lated to  the  frequency  wavelength  by  A/4,A/2,  or  A t can  give  rise  to  larger  noise 
signals.  A lightning  rod  of  length  A/4  = 23.8  inches  would,  therefore,  be  of  length 
a/4  at  124  MHz.  The  electrical  pulses  traveling  in  this  rod  caused  by  the  corona, 
cause  it  to  act  as  an  antenna  giving  increased  noise  problems.  It  was  also  found 
that  the  corona  noise  tended  to  be  vertically  polarized,  probably  due  to  the 
horizontal  field  lines  on  top  of  the  tower. 

The  more  detailed  conclusions  are  as  follows: 

6.2  Corona  Current  and  Noise  Level 


Serious  noise  interference  w < > produced  by  the  corona  discharge  at  positive 
and  negative  points.  Level  II  md  - - v e . 'll  noise  can  be  caused  with  either  positive 
or  negative  currents  of  less  than  1 >0  fj.v.  In  the  positive  point  case,  noise  levels 


1 


»n<  rca.si'd  directly  (but  not  lirmarlv,  a g.  , Figure  25)  as  the  corona  current  in- 
crease!. In  the  case  of  negative  , joint  discharge  (Figure  29),  the  eu  r r ent /noi  se 
relationship  is  more  compile  iteri.  Noise  levels  reach  a maximum  in  the'  neigh- 
borhood of  GOpA  and  decrease  slightly  as  current  increases  to  I 0 0 ( i A . At  a current 
above  lOOpA,  a sudden  dec  reuse  or  <u  -off  of  corona  noise'  occurs  in  the'  negative 
point  case.  1 lie  precise  current  at  wh-ch  t his  • c ul  - off  takes  place  varied  from  one 
te'st  to  another,  but  was  usually  found  between  I 00 p A and  ISOpA.  As  negative  point 
discharge  currents  increased  from  5 pA  to  10uA,  a sudden  peak  was  intermittently 
found  in  the  noise  level.  1 his  threshold  peak  would  sometimes  produce'  greater 
noise  than  that  due  to  currents  of  50pA  to  lOOpA.  The  noise  cut-off  and  threshold 
peak  phenomena  are  not  shown  in  Figure  20  (whic  h presents  the  average  result  of 
many  tests)  but  can  be  c learly  seen  in  trac  e'  B of  Figure  10  as  well  as  many  of  the 
other  chart  recordings.  Because  o(  (tie  threshold  peaks  and  noise  eut-off  phenomena, 
there  is  no  simple  relation  be  tween  corona  currents  and  resultant  noise  levels. 

b.  1 Distance  from  Corona  Point  to  Antenna  and  Noise  Level 

Noise  from  any  source  will  decrease  in  intensity  as  the  distance  between  the 
source  and  receiving  antenna  is  increased.  The  manner  in  which  this  decrease  takes 
place  (>-l /d  )is  shown  by  Figures  26  and  32  which  are  drawn  from  positive  point  and 
negative  point  data,  respectively.  The  noise- induced  A VC  voltage  decreases  by 
50%  (from  0,  30V  to  0.  15V)  as  the-  distance'  between  a positive  point  discharge  and 
antenna  D-22IG  increases  from  10  inches  to  15  inches  (Figure  26).  Likewise,  for 
■i  negative  point  (Figure  32),  a 50  % decrease  (from  1.0V  to  0,5V)  is  seen  when 
the  distance  increases  from  10  inches  to  15  inches.  This  is  the  1 /d'  relationship. 

In  both  case's,  when  the  distance  exceeds  25  inches  the  curves  level  out,  in- 
dicating that  only  small  additional  decreases  can  be  obtained  by  further  increases 
in  distance.  Distances  greater  than  25  inches,  however,  have  reduced  the  noise 
to  level  1 (less  than  0.  IV)  in  all  test  case's. 

6.  4 Radius  of  Curvature  of  the  Corona  Point  and  Noise  Level 

On  the  basis  of  electric  field  theory.  Section  3.0  predicts  that  a blunt  or 
rounded  point  will  always  be  surrounded  by  a less  intense  electric  field  than  a 
sltarper  point  under  similar  conditions.  Therefore,  higher  ambient  fields  will 
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be  required  to  initiate  the  discharge  when  the  radius  of  curvature  of  the  point  is 
increased.  These  predictions  are  clearly  shown  to  be  (rue  by  Figure  28  (for  a 
negative  point)  and  Figure  33  (for  a positive  point).  In  both  of  these  figures  Iwo 
tests  are  shown  side-by-side.  Trace  C in  both  figures  shows  that  the  discharge 
is  suppressed  by  placing  a metal  sphere  with  radius  0.  5 inches  (1.27  cm)  over 
the  needle  point  which  had  previously  produced  discharge  currents  of  100pA. 

Since  the  discharge  is  suppressed,  the  noise  associated  with  it  is  also  reduced 
as  shown  by  the  recorded  AVC  voltage,  trace  B in  both  figures.  The  field  strength 
during  these  tests  went  as  high  as  10^  V/m  (50kV  across  a 2 inch  gap)  without  in- 
itiating discharge  at  the  sphere.  (Some  corona  discharge  was  produced  at  other 
less- rounded  points  on  the  high  voltage  equipment.  ) 

o.  5 Further  Investigation  Suggested  by  this  Study 

Corona  discharge  can  occur  at  any  sharp  point,  not  just  at  the  tips  of  lightning 
rods.  If  the  recommendations  of  the  previous  section  do  not  result  in  the  reduction 
of  noise  problems  at  a particular  site,  it  could  be  that  corona  discharge  is  occurring 
at  unsuspected  points.  Thus,  some  means  for  finding  corona  sources  must  bi- 
de ve  loped.  Optical  method s relying  upon  the  excitation  of  the  ioni/.ed  air  during  a 
discharge  could  accomplish  this  and  allow  for  point- by- point  location  of  corona 
noise  sources. 

Ihe  pulsating  nature  of  the  discharge  is  an  important  factor  in  the  creation 
of  radio  noise.  A typical  pulse  in  the  discharge  process  has  a rise  time  of  10 
nanoseconds  which  means  that  a Fourier  analysis  of  the  pulse  shape  would  show 
frequency  components  in  the  region  of  100  MHz. 

Not  only  the  distance  between  corona  point  and  receiving  antenna,  but  the 
entire  geometry  of  the  lightning  rod,  grounding  loads,  and  building  structure  needs 
to  be  considered  in  more  detail.  Results  discussed  in  Section  5.3.4,  Other  Effects, 
indicate  that  an  entire  lightning  protection  svst'-m  may  be  considered  to  be  an  antenna 
for  broadcasting  corona  noise.  A st-e'y  of  on  ia  noise  as  a function  of  lightning  rod 
length  and  ground  lead  design  might  It  d to  the  'iscovery  of  new  methods  for  corona 
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noise  suppression.  The  data  presented  in  Figure  42  show  that  the  coupling  of 

\ 

corona  noise  from  source  to  receiving  antenna  can  be  modified  by  a factor  of 
10  or  more  when  minor  changes  are  made  in  the  geometry  of  conductors  which 
are  near  the  corona  point.  At  the  same  time,  however,  the  data  show  that  this 
aspect  of  the  problem  is  exceptionally  complex. 

The  effects  of  the  radome  material  in  collecting  charge  and  causing  nearby 
structures  such  as  radome,  ladder  or  lightning  rods  to  go  into  corona  is 
significant. 

Experiments  should  be  performed  with  various  radome  surfaces  with  a 
view  to  reducing  significantly  the  electrical  charge  causing  the  problem. 


7.0  GENERA  l.  RECOMMENDATIONS 


These  recommendation*  are  given  to  assist  not  only  improvement  of  the 
Logan  Airport  problem,  but  also  to  assist  in  the  design  of  new  installation*  or 
the  removal  of  noise  problems  at  other  sites. 

The  noise  problems  have  been  shown  to  be  caused  by  corona  discharge  or 
streamers  which  occur  in  the  presence  of  high  electric  fields.  The  taller  the 
structure  on  which  the  antennas  are  installed,  the  more  likely  the  noise  will 
occur.  If  there  is  a radonie  nearby,  this  also  can  become  highly  charged  and 
lead  to  corona  or  streamer  noise.  Ideally,  therefore,  the  antennas  should  be 
mounted  on  as  low  a structure  as  is  feasibly  allowable  and  not  too  close  to  a 
radome  surface  . The  results  show  that  the  antennas  should  be  placed  at  least 
4 feet  away  from  a corona  source  such  as  a lightning  rod  or  the  radome  surface, 
in  order  for  the  interference  to  be  kept  to  a minimum  acceptable  level.  If  it  is 
impossible  to  attain  the  4 foot  distance,  then  the  corona  should  be  removed  by 
reducing  the  radius  of  curvature  at  the  source.  For  example,  a 4"  diameter 
sphere  on  the.  tip  of  a lightning  rod  at  300  feet  will  successfully  remove  the 
corona  on  all  but  very  close  lightning  occasions.  The  lower  the  structure  the 
smaller  the  radius  of  curvature  required.  It  is  also  shown  that  such  a blunt 
point  will  not  distract  the  rods  capabilities  of  being  a good  lightning  protection 
device. 

If  lightning  rods  and  their  vertical  ground  leads  have  to  be  placed  close  to 
the  antennas,  then  their  effective  vertical  length  should  not  be  related  to  the 
electrical  lengths  of  the  VHF  frequency  (23.8  inches  = X/4  at  124  MHz). 

Different  types  of  antennas  will  not  eliminate  the  noise  which  is  an  actual 
broadband  transmission  in  the  receiver  band.  The  sophisticated  noise  limiting 
circuitry  of  the  GRR-23  receiver  did  not  cause  any  appreciable  lowering  of  the 
noise  signal  again  probably  because  of  its  high  frequency  components. 

Corona  noise  occurring  under  positive  electrical  fields  such  as  blowing 
snow  conditions,  is  likely  to  lead  to  more  severe  VHF  noise  than  that  from 
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regular  thunderstorm®.  1 he  high  electric  fields  may  also  persist  several 
hundred  miles  away  from  the  blowing  snow  in  a clear  blue  sky,  as  the  ions  are 
carried  by  the  wind  over  appreciable  distances  in  the  dry  air. 

More  research  is  needed  to  investigate  the  effects  of  a highly  charged 
radome,  as  streamers  may  be  prevalent  on  the  surface  for  considerable  periods 
of  time  and  corona  may  occur  on  nearby  structures  such  as  ladders  and  lattice 
framework. 
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APPENDIX  A 


VHF  ANTENNAS  AND  RECEIVERS 
USED  FOR  NOISE  TESTS 


lilJ  Hi  vital  Description.-  Refer  to  aection  9 for  the  physical  characteristics  of  the  units 
li3  REFERENCE  DATA.*  Table  1*1  lists  the  reference  data  on  the  receivers. 

Table  1-1.  Reference  Data,  Radio  Receiver,  AN/CRR-23  and  -24 


Characteristic 


PHYSICAL  (vhf  or  uhf  unit) 


Weight 

Cable  requirements 


ELECTRICAL 
Primary  input  power 


FUNCTIONAL 
Vhf  frequency  range 

Uhf  frequency  range 

Frequency  accuracy,  vhf/uhf 

Sensitivity  (vhf  and  uhf) 

Selectivity  (2S  kHi  and 
SO  kHz  channel  spacing) 

IF  output 

Audio  output 

Audio  frequency  response 
Automatic  gain  control 


Requirement 


3-1/2  inches  high,  19  inches  wide,  12-1/4  inches  deep 
(standard  19-inch  rack  or  cabinet  mounting). 

22  pounds. 

Power  cables  and  a mating  plug  for  J2  supplied  with  equipment. 
Antenna  and  other  interconnection  cabling  supplied  by  FAA. 


05,  120,  210,  or  240  volts  t 10%,  single  phase,  47  Hz  to 
240  Hz,  SO  watts  maximum.  If  a.c.  power  fails,  a 24-volt  lead- 
acid  battery  (when  supplied)  is  automatically  switched  in  to 
provide  emergency  power  for  a minimum  period  of  15  minutes. 


1 1 5.00  MHz  to  149.95  MHz  with  680  channels  spaced  50  kHz 
apart  or  115.00  MHz  to  149.975  MHz  with  1,360  channels 
spaced  25  kHz  apart. 

225.00  MHz  to  399.95  MHz  with  3,500  channels  spaced  50  kHz 
apart  or  225.00  MHz  to  399.975  MHz  with  7,000  channels 
spaced  25  kHz  apart. 

Crystal  controlled,  with  the  oscillator  in  a semiconductor 
proportionally  controlled  crystal  oven.  No  more  than  1 0.002% 
drift  from  operating  frequency  after  30  minute  warmup. 

With  a 3.0-microvolt  signal  30%  *5%  modulated  at  1 kHz. 
applied  to  antenna  input  from  a 50-ohm  source,  an  output  of 
100  milliwatts  into  a 600-ohm  load  with  a 10:1  signal-plus- 
noisc-to-noisc  ratio  is  obtained. 

Attenuation  25  kHz  Bandwidth  50  kHz  Bandwidth 

6 dB  20  kHz  min  36  kHz  min 

40  dB  30  kHz  max  62  kHz  max 

60  dB  42  kHz  max  70  kHz  max 

80  dB  50  kHz  max  80  kHz  max 

With  a 3.0  microvolt  signal  30%  modulated,  produces  a nominal 
output  of  125  mV  a.c. 

Two  separate  transformer  outputs,  each  providing  100  milliwatts 
into  a 600-ohm  resistive  load. 

Not  more  than  *1  dB  or  -2  dB  from  300  Hz  to  3000  Hz. 

Receiver  output  shall  not  vary  more  than  3 dB  as  a 6-microvolt 
input  signal  modulated  30%  i 5%  increases  to  1 volt. 
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Table  1*1.  Reference  Dau,  Radio  Receiver,  AN/GRR-23  and  -24  (con.) 


Characteristic 


Requirement 


Automatic  fain  control 
time  constant 

Squelch 


Buffer  amplifier 
Secure  voice  capability 

ENVIRONMENTAL 

Operating 

Non-operating  and  storage 


WARMUP  TIME 

IF  FREQUENCY 
CRYSTALS 


100- millisecond  attack,  100-millisecond  decay  maximum. 

Receiver- output  muted,  pending  carrier  application  of  not 
greater  than  3.0  microvolts  with  squelch  sensitivity  at  maximum 
setting,  and  not  less  than  S microvolts  with  squelch  at  minimum 
setting. 

Provides  impedance  matching  and  isolation  of  the  crystal  filter 
(FL-1)  from  the  mixer  multiplier  (A2). 

Provides  compatibility  with  the  TSEC/KY-8,  -28,  and  -38 
speech  security  equipment  when  wide  bandwidth  crystal  filter 
is  used.  Output  is  available  at  J2-G  on  receiver  rear  apron. 


Relative  humidity:  5%  to  95%  (±5%) 

Altitude:  0 to  10,000  ft  m.s.i. 

Ambient  temperature:  -62°  C to  +71°  C 
Relative  humidity:  5%  to  95% 

Barometric  pressure:  3.4  to  31  inches  Hg 

30  minutes  maximum  using  crystal  oscillator-,  5 minutes  with 
oscillator-synthesizer. 

20.6  MHz. 

Standard  type  not  supplied  with  equipment;  CR-7 5/4  (holder 
type  HC-6/4)  stability  to  achieve  frequency  accuracy  of  ±0.0005%. 


1 4 EQUIPMENT  AND  ACCESSORIES  SUPPLIED.-  I nc  equipment  making  up  the  vhf  and  uhf 
receivers  is  listed  in  table  1-2. 


Table  1-2.  Equipment  Supplied 


Dimensions  (inches)  Unpacked  Packed 

Quantity  Item  Height  Width  Depth  Weight  Volume  Weight  Volume 


1 Receiver,  Radio,  3-1/2  21  12-1/4  22  1b  0.52  cu  ft  381b  3.0cuft 

AN/GRR-23  or 
-24 

1 Power  cable,  8006147C1  (included  in  above  assembly) 


RV-12B 


VHF  FIXED-TUNED  RECEIVER 


SUMMARY  SHEET 

TYPE  KV-1211  VUF  FIaKD-TUNED  RECEIVER 

1.  Frequency  range.-  11 5 to  152  MHz. 

2.  Number  of  preset  frequencies.-  One. 

3*  Type  of  frequency  control.-  Crystal. 

V.  Type  of  receiver.-  Super  heterodyne. 

5.  Intermediate  frequency.-  ltt.3  MHz. 

6.  Receiver  output.-  Muin  audio  output  1.0  watt  into  20,000  ohm  (or  000  ohm 
by  changing  tap)  load  impedance.  Low  level  output  20  db  below  1.0  watt  into 
600  ohms. 

7*  Type  of  reception.-  AM 
Q.  Crystal.-  Type  CR-65/U  24-33  MHz. 

9*  Squelch.-  tycn  3 microvolts  STV. 

10.  Antenna  input  impedance . - '(0  oluns  unbalanced. 

11.  Bandwidth.  j4  kHz  minimum. 

12.  Tuning.-  Crystal  and  individual  alignment  to  u fixed  frequency. 

13*  Fewer  requirements.-  120  volts,  oO  Hz,  36  watts. 

14.  Electron  tube  conplement.-  4 type  6EHY  pentode;  1 type  uEJ7  pentode; 

1 type  12AT7  dual-trioie;  3 type  12AU7  dual  triode;  1 type  12AX7  dual -tix ode; 

1 type  0BX6  pentode;  1 type  bBQ5  pentode.  Fuse  cortplenk'nt . - One  1-ampere 
Slo  Blow  fuse. 

15.  Diode  complement.-  4 type*  ll©359i  3 type  1N903A,  1 type  11*658. 

16.  Furnished  accessories.-  Crystal  oven;  1 Power  cord,  24  inches;  1 
Alignment  tool. 

17*.  Weight  of  HV-12B  Receiver.  • 30  js  crated;  2b  lbs  uncrated. 
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TECHNICAL  APPUANCI  CONDONATION 
• MMtMary  at 

OCNENAl  INSTRUMENT  CONDONATION 
I TACO  STRUT.  SHCRRURNC.  N V 114*0 
(«0T)  I'UIll  TWS  »T0-N1  T440 


MULOIPOL'™*  OINIOIRECTIONAL  MULTIPLE  DIPOLE  COUINEAR  ARRAYS 

(patent'd)  1 lt-ISO  MHi  225-400  MHi 

0-2213  UHP/VHF  ANTKNNA 

Featuring:  RUGGED- TRANSPORT ABLE -COMPACT- LIGHTWEIGHT-HIGH  ISOLATION 
The  MULDIPOL ,rUi  Multiple  Dipole  Collinear  Array  con- 
cept has  been  especially  developed  by  TACX)  (or  ground- 
au-g  round.  air  traffic  control  and  associated  vehicular  and 
base  communications  applications  This  omnidirectional  con- 
cept employs  a unique  method  of  shielding  the  feed  cables 
to  improve  radiation  pattern  characteristics  and  also 
achieve  a high  degree  of  isolation  between  discrete  elements 
within  a closely  spaced  array  The  result  is  a small,  nigged, 
easy  to  install  and  lightweight  package  which  utilises 
minimal  space  and  lends  itself  to  tactical  transportable  use 
in  (lie  most  hostile  environments. 

Must  applications  for  these  types  of  antennas  demand 
optimum  utilisation  of  space  and  a high  degree  of  mobility. 

These  requirements  are  eminently  satisfied  by  the  MU  l .DI- 
KII. ,TM>  concept  of  coilinearly  stacking.  A minimum  of 
30  db  isolation  is  realised  between  any  two  antenna  elements 
in  every  MULDIPOL.  ,T1“  model,  whereas  it  would  require 
about  'JO  feet  (6.10  ml  separation  between  two  horizontally 
displaced  dipoles  lo  achieve  similar  Isolation  where  normally, 
on  most  towers,  only  10  or  12  feet  (3.05  or  3 66  m)  is 
available. 


The  low  profile  (silhouette)  of  this  antenna  plus  the  result- 
ing decrease  in  the  number  of  antennas  rtspmvd  at  any  one 
tower  site  also  gives  much  improved  radiation  pattern 
coverage 


INDEPENDENTLY  OPERATING  VHF  97 

ANTENNA  ANO  INDEPENDENTLY 
OPERATING  UHF  ANTENNA  IN  ONE  MODULE 


SPECIFICATIONS 


ELECTRICAL 


MODUI  K 

UHF  111  VHP  ill  1 

EREQ  RANGE  1MH1I 

225  400  116-1 

GAIN  (dHi  t*  Kc A • 

\ 0 

ISOLATION 
(Mm.  dBI 

15 

POLARIZATION 

Vertical 

HPHW  ( Vi*rt  . deg%Nom  » 

75  (centered  on  horuom 

OMNIDIRECTIONAL 

t'NIKORMITY 

eOS  dH  (arunulhl 

VSWR  ( Mas  1 

.>  1 

TERMINAL  Type 

"N"  til 

TERMINAL  Impedance 

50  - ohms 

APP  POWER 

50  W 

VERT  REAM-CENTER 
DEVIATION 

±10  deg.  It  rum  horuonl 

MECHANICAL 


HEIGHT 

*4  25  in  1213  99  rnt> 

WEIGHT 

10  25  Iba  (4S5  kg  I 

MOUNT 

I Mail  Dia  > 

3 in  IT  02  cm  l 

WINDLOADING 

(operating' 

65  kt  w/2  in  1 5 06  cm' 
radial  ice 

ENVIRONMENTAL 

Rain,  salt  lag.  sand,  dual 
and  luMui  lo  Mll.-STD- 
K10A  and  R.  Temperature, 
barometric  pressure  and  hu 
nudity  lo  MU- -STD-210  and 
2I0A. 

radome 

MATERIAL 

t ilamrnl  wound  tdarglass 

« Gam  relative  to  an  isotropic  source 
••  T>,h  UN"  avail.tlil.  o|»>n  r»>i>"-sl 


TECHNICAL  APPLIANCE  CORPORATION 

M NEPAL  MSTWJfaMENT  CORPORATION 
• TACO  STREET.  BHSRRURNfi.  N V ISAM 
(MT|  EM  »U  T WX  SI0-M1-7444 


MULDIPW."**’  OMNIDIREGTIOIAL IULTIPIE  DIPOLE  COLLINEAR  ARRAYS 

(patented)  UA-IM  MHi 

D— 2212  VHP/VHF  ANTENk.. 

Featuring:  RUGGED-TRANSPORTABLE -COMP  ACT-LIGHTWEIGHT— HIGH  ISOLATION 

The  MUl.DIPOl. ’ r*"  Multiple  Dipole  t'ollinear  Array  con* 
refit  has  W-en  especially  develofied  by  TALXT  lor  ground- 
air-ground.  air  traffic  control  ami  associated  vehicular  und 
Imm*  communication*  applications  This  omnidirectional  con- 
ivpt  employ*  a unique  method  of  shielding  the  feed  cables 
to  improve  radiation  pattern  characteristics  and  also 
.itlocvc  a high  degree  of  isolation  hclucen  discrete  elements 
\s  it hm  a closely  spaced  array  The  result  is  a small,  rugged, 
easy  lo  install  and  lightweight  package  which  utilise* 
minimal  s|vaoc  and  lends  itself  to  taetieal  transfiortable  use 
in  i tie  most  hostile  environments. 

Most  applications  for  these  typt*s  of  antennas  ikmand 
optimum  utilisation  of  space  and  a high  degree  of  mobility 
These  lequirements  are  eminently  satisfied  by  the  MULDI- 
I's.si.  ■ r*,‘  concept  of  eollinearly  stacking  A minimum  of 
TO  dl>  isolation  is  realized  between  any  two  antenna  elements 
in  every  MULDIPOl. 1 ™'  model,  whereas  it  would  require 
abool  JO  feet  (6.10  mi  separation  lietween  two  horizontally 
displaeed  di|Ni)es  to  achieve  similar  isolation  where  normally, 
on  most  towers,  only  10  or  13  feet  (3.05  or  3 66  ml  is 
available 


The  low  profile  (.silhouette)  of  (his  antenna  plus  the  result- 
ing decrease  in  the  number  of  antennas  required  at  any  one 
tower  site  also  gives  much  improved  radiation  pattern 
coverage 


t 5 hi  I 5 HI  cm  > 
DIAMETER 


I T J j V ii  ' dm.  1 1 imi 


M A l>l  ATI  Nil  MODULE 


rvpi  n input  jack 

MATES  \\  I I II  llli  21/tl  tM.lli; 


.1  in  1 7 t>2  cm  i 
III  A METER  MAST 
I NOT  SUPPLIED! 


TWO  INDEPENDENTLY  OPERATING 
VMF  ANTENNAS  INONEMOOUIE 
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SPECIFICATIONS 


ELECTRICAL 


MODULE 

VHE  Iji 

EREQ  RANOE  i Mil*  1 

116  ISO 

CAIN  idHi  «*  Eel* 

i a 

ISOLATION 
i Mm  . <iBi 

U) 

POLARIZATION 

Vertical 

III’IIW  * Vei  l . di  g,  Nom  ■ 

75  t centum?  on  horuom 

OMNIDIRECTIONAL 

I N1EOKMITY 

*05  dH  lanmuthi 

VSWR  ( Max  i 

J 1 

TERMINAL  Type 

N"  «2> 

TERMINAL  impedance 

VO  ohms 

API*  POWER 

.VO  W 

VERT  ream  center 
DEVIATION 

±10  deg  drum  hoi  lion  > 

MtCMANICAI. 

MERUIT 

1 5.’  25  in  1 3M£  7 1 I'm  > 

\VI  1C.I1T 

125  1 fa* '567  kg' 

MOl  NT 
i Mat!  Dial 

\ in  t?  62  emi 

VV 1 N 01.0  A D1  Nl  * 

(o)H'ralini*  * 

i*  M w/2  m iSOH  cm> 
radial  ice 

1 NVIRONMENTAI 

Rain.  salMo*.  sand,  dust 
and  fungus  lo  MIL-STD 
MtOA  and  H.  Tamperaturv 
luunmetric  pressure  and  hu 
nudity  lo  MIL-STD  310  and 
310A. 

rai  >vme 

MA  1 1 RIAL 

Ednmeni  wound  fibri  glass 

* I'.am  M'lAtivr  lo  aii  iMTln<|wr  (•%  0 

••  T)  | I IN'*  available  uiaMi 


ms  PU*  1*  4JAL1H  PKACIi^WI 
r u»n  to  DDC 


— AlVs'V 


* 1 


TECHNICAL  *mjA  C < CORONATION 
• MNNUI  at 

OENENAL  INSTRUMENT  CORONATION 
1 TACO  ETNUT.  SHERBURNE.  N V.  I MW 
(MT>  #74**11  TWX:  SWM1-7440 


MODEL  D-2216  OMNIDIRECTIONAL  VHF  ANTENNA 
(MULDIPOl'™’  CONCEPT) 

patantad 

Featuring:  RUGGED-TRANSPORTABLE-COMPACT-LIGHTWEIGHT 


This  design  utilizes  the  MULDIPOL  (™>  concept  especially 
developed  by  TACO  for  ground-air-ground.  air-traffic- 
control  and  associated  vehicular  and  base  communication 
applications 

This  VHP  Antenna  is  a halfwave,  vertically  polarized  t ipole 
enclosed  in  a 1.5  in.  (3.81  cm)  diameter  fiberglass  radome 
It  is  a completely  sealed,  lightweight  and  simple  to  i istall 
unit  Its  low  profile  produces  less  pattern  deteriorati  m in 
transmission/reception  relative  to  adjacent  antennas  c">  the 
same  tower.  such  as  the  types  that  have  lieen  in  cor  -non 
use  over  the  past  20  years. 


SPECIFICATIONS 


ELECTRICAL 


NODULE 

VHF  (1) 

MIEQ  RANGE  (MHi) 

100-156 

CAIN  (dBi  # Fc) 

1 0 

POLARIZATION 

Vertical,  omnidirectional 

HPUW  (Vert  . deg  ) 

75  (centered  on  horizon) 

OMNIDIRECTIONAL 

'.'NIFORMITY 

10  5 deg  (azimuth) 

1 

VSWR  ( Nom  ) 

2 1 

TERMINAL:  Type 

•N"  (1) 

TERMINAL:  Impedance 

50  • ohms 

|i'P  POWER 

50  W 

vt'RT.  BEAM-CENTER 
DEVIATION 

±10  deg.  (from  horizon) 

Mf  HA'TCAL 

-It  t.HT 

54  50  in  (13a  43  cm) 

WEIGHT 

5.5  LBS  12  49  kgl 

M OU‘\T 

Dim  i 

1 5 in  (3  81  cm) 
to  3 in  (7t>2  cm) 

WOJPI-OMIING 
(or  rsti.-si 

65  kt  w/2  in  (5  08  cm) 
radial  ice 

ENVt  ;t"  MENTAL 

Rain,  aalt-tog,  sand.  du>. 
and  lungut  to  MIL-STD 
R10A  and  B;  Temperature, 
barometric  ortasure  and  hu 
midily  lo  MIL-STD-210  and  i 
210A. 

AOOMI 

JHATLI'IA' 

Fil*m«nt  wound  Mx  ii:Iau 

tf  ' •»  ■ •'  p *<»  an  isotropic  source 

« Tyf»  • MN*  a "Ub'p  upon  n , . *1 


HUS  PAliJi  IS  disSf  QUALITY  PHAOTUW^H 
FROM  OOTY  FMWALSH®  TO  DOO  > 

L 


